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PREFACE 



My object in this work is to provide for the 
use of students a concise description of the 
structure and functions of the elementary 
tissues. I trust that, beside being serviceable 
to those who are preparing for examination, 
it may also be a useful adjunct to the 
Practical Physiology class, enabling those 
who use it to obtain a clear conception of 
the general structure and functions of those 
tissues with the histological manipulation 
and preparation of which they are at the 
same time becoming familiar. I have en- 
deavoured to avoid unnecessary discussion, 
only putting forward those views which are 
most generally accepted. For the study of 
the more minute histological details, the 
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student l« retcrred to the larger text -books, 
d» Quaifi'» Anatomy and Carpenter's Z'^- 
Miotogyf to which works, among many others, 
I have to acknowledge my indebtedness. 

With the exception of the diagrammatic 
representation of nerve-endings in Plate VI^ 
and ot\^ or two others, the source of which 
has been acknowledged, all the illustrations 
are taken from i^pecimens in my possession. 
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THE TISSUES AND THEIR 
STRUCTURE. 



CHAPTER I. 

Origin of the Tissues — Animal and Vegetable Cells — 
Production of Cells — Protoplasm — Classification 
of Tissues. 

In beginning a description of the structure 
of the tissues of organized bodies, we may, 
without entering into any unnecessary dis- 
cussion, state, that the result of research in 
the past has been to show that the various 
tissues and structures met with in plants and 
animals, however complex and differentiated 
they may ultimately become, originate, one 
and all, by means of elementary corpuscles, 
which have been named cells. These cells 
are capable of undergoing certain transforma- 
tions, according to the conditions under which 
they are placed, and the functions they have 
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The Tissues 

to perform. They remain separate in the 
fluids, but are usually grouped together in the 
solids. In some cases they undergo but little 
change, while in others, becoming differ- 
entiated to a greater or less degree, they 
produce the various modifications of form 
and structure met with in the animal and 
v^c table textures. 

The cells of the early embryo of plants 
consist of, — 

1. An external investing envelope or mem- 
brane — the cell-wall. 

2. Within this a semi-fluid granular material 
— the prolcifilitstn or cell contents. 

3. Imbedded in this a more sharply defined 
body — the nucleus, which differs from the 
surrounding protoplasm in not being con- 
tractile, 

4. Occupying the interior of the nucleus 
may be observed one, or sometimes more, 
distinct refracting particles — the nucleoli. 

The cells of the animal embryo consist of 
a granular, protoplasmic substance inclosing 
a nucleus, which, in turn, contains one or 
more nucleoli. From this description it will 
be seen that there is a distinct differense 
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between an animal and vegetable cell ; since 
the vegetable cell has a cell-wall, while the 
animal cell has none. An animal cell may, 
therefore, be defined as * a mass of proto- 
plasm possessing a nucleus and sometimes a 
nucleolus/ 

Production of Elementary Cells. 

It was Schwann who first made the im- 
portant general statement, that all the tissues 
of the animal body were composed of or de- 
rived from cells. The cells of the animal body 
are derived from the fertilised ovum. The 
mammalian ovum differs from the elementary 
cells already described in possessing a distinct 
cell-wall, which is called the Zona pellucida^ 
or vitelline membrane ; but it resembles them 
in being composed chiefly of a granular, proto- 
plasmic material, the yelk^ within which again 
is the germinal vesicle and germinal spoty 
which correspond respectively to the nucleus 
and nucleolus of the ordinary elementary cell. 
The elementary or embryonic cells are pro- 
duced from the fertilised ovum by a process 
of cleavage or segmentation. The germinal 
vesicle and germinal spot disappears, and 
the protoplasmic material, shrinking slightly. 
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[ divides into two equal parts. These s^ments 

I subsequently divide into two, and this divi- 

I sion, in multiple proportion, continues until 

\ the entire yelk is split into a number of small 

segments, each consisting of protoplasmic 

material and possessing a nucleus. In this 

way the ovum is the parent of all the new 

cells which are formed within it, and the pro- 

I genitor of all the cells whicli are descended 

I from those which result from the segment- 

\ ation of the yelk. 

The following is a brief outline of the 
I various forms of cell genesis : — 

. Fission. — In this form of development a 
cell becomes constricted, and, owing to the 
gradual deepening of the constriction, sub- 
divides into two parts, the nucleus also par- 
ticipating in the subdivision. 

—When the multiplication takes 
place by budding, little processes of proto- 
plasm bud out from the parent cell, and, sub- 
sequently becoming detached, assume an 
independent existence. 

3. Endogenous reproduction is a form of 
internal budding, by which the young cells 
are developed within the parent cell till the 
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original cell is broken up. This last form is 
well exemplified in the production of the 
elementary cells from the ovum in the manner 
described above. 

Protoplasm. 

The basis of vital activity ; is a complex 
substance, from which can be obtained, by 
analysis, examples of the albuminous, fatty, 
and starchy groups, with a variable quantity 
of salts. It is usually viscid, varying much 
in consistency, — sometimes being semi-fluid, 
at other times being an exceedingly viscid, 
coherent material. When exposed to a tem- 
perature of about 130° F. it undergoes heat- 
stiffening and dies, undergoing a kind of co- 
agulation. Protoplasm is met with in many 
varied forms ; it occurs inclosed in tubular 
sheaths (as in muscle), or as granular masses 
of variable form (cells) with nuclei. Such con- 
tractile masses form the whole substance of 
the body of many of the lower forms of animal 
life, as the Amoeba, or the soft portions of other 
animals. It occurs in colourless blood-cor- 
puscles, and also in the analogous corpuscles 
of areolar tissue, in the lymph corpuscles, and 
in mucus and pus in the higher animals. 
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The way in which cells are associated 
together to form different tissues and sub- 
stances depends to a great extent upon the 
matrix or intercellular substance, and upon 
the relation the cells bear to it. 

1. The intercellular substance may be fluid, 
as in blood, which may be regarded as the 
simplest form of tissue. 

2. It may consist of a soft, semi-gelatinous 
material, as in mucous tissue. 

3. It may be firm and solid, as in cartilage 
or bone, 

4. Lastly, it may be very slight in amount, 
as in epithelium, where it seems merely to 
cement the cells together. 

The tissues of the human body have been 
divided, according to their functions, into two 
great classes ; namely, those which have some 
active, vital function to perform, and those 
whose function in the organism is of a purely 
passive nature, and which serve to connect 
and support the various parts of the body. 
Those tissues which belong to the former 
class are called active tissues, and those be- 
longing to the latter class are called passive 
tissues. The tissues which belong to the two 
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lasses respectively may be set down in the 
allowing order : — 

PASsn-E Tissues. 

1. Mucous. 

2. Retiform or Adenoid. 

3. WTiite Fibrous. 

4. Yellow Elastic. 

5. Areolar. 

6. Fat 

7. Cartilage. 

8. Bone. 

9. Tooth. 

Active Tissues. 

1. Nerve. 

2. Muscle. 

3. Epithelium. 
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CHAPTER II. 

PASSIVE TISSUES. 

as Tissue— Retiform, White Fibrous, Yello 
Elastic, Areolar Tissues — and Fat. 



^m 1 MUCOUS TISSUE. 

^^P This tissue, when examined under the mi- 
I croscope, is seen to consist of stellate proto- 

plasmic cells, which possess processes that 
I unite with one another, and are imbedded in 
a clear, semi-fluid matrix. In the human 
body it is met with in the jelly of Wharton 
in the ftctus, and in the vitreous humour of the 
eye ; that in the vitreous humour is modified 
in structure, most of the bodies of the cells 
have disappeared, their processes alone re- 
maining dispersed throughout the matrix. It 
also occurs in many parts of the embrj'O. 
2. ADENOID OR RETIFORM 
TISSUE. 
I This tissue hasalsobccn csWcA relicular ^nd 

glandular tissue. It consists of stellate cells, 
I whose processes unite; the interstices betwe en j 
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the cells being filled up with gHasBdnilar male- 
rial, as in the spleen pulp, or with odDs. as in 
lymphoid tissue. A very fine varied of this 
tissue is met with in the ^xnal cofd and 
brain, passh^ in between the bondks of 
nerve fibres, and suf^iortii^ them; it is caJkd 
neuroglia. 

a WHITE FIBROUS TISSUE. 

MicroscopiciU Appearances. — When examined 
under the microscope this tissue is seen to 
consist of fibres which have an Ul-defined, 
wavy outline, and are usuaUy paraUel to one 
another. These fibr^ do not anastomose, 
and do not curl up at their ends (P. I. Fig. 3\ 
They are very frequently bound tc^ether 
to make bundles, and in these bundles, oval, 
branched cells may occasionally be seen. 
These cells are similar in almost every respect 
to the ordinary stellate corpuscles, which are 
met with for the most part throughout the 
whole of the passive tissue group. They pos- 
sess a delicate protoplasmic body, which is 
thick in the centre but bevelled off towards 
the sides, and contain a round or oval nucleus 
with several nucleoli. 

Properties. — This tissue is tough, inelastic, 
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^^H strong, and unyielding. It swells up and dis- 
^^^K solves on the addition of weak acids, and 
^^^B yields gelatin on boiling. 
^^^B Uses of white fibrous tissue ; 

^^H It forms hgaments, tendons, and aponeu- 

^^H roses for the attachment of muscles. It 
^^H occurs, also, in supporting capsules, of which 
^^H the best examples are the tunica albvginea of 
^^H the testicle and the sclerotic coat of the eye. 
^^H It enters into the formation of the external 
^^H coat of large arteries, where it serves to pro- 
^^B tect them and to prevent their over-distention. 
Lastly, it enters largely into the formation of 
fascia, and forms a constituent part of areolar 
tissue. 

14. YELLOW ELASTIC TISSUE. 
Microscopical Appearances. — It consists of 
fibres which have a hard, well-defined outline, 
and which anastomose freely, and curl up at 
their ends (P. I. Fig. 2). 
Properties. — It is elastic and yielding, it is 
not affected by weak acids, and yields elastin 
on boiling. 
Uses. — It is useful in forming ligaments 
where adaptability is required, as, for instance, 
in the ligamenta subfiava, in the true vocal 
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cords, and the suspensory lig^ament of the 
penis. It forms a part of the middle coat of 
blood-vessels, where it is of use in converting 
a jetting stream into a continuous flow. It b 
useful in the lungs, allowing for their expan- 
sion and reccHl during respiration. It ]s found 
in the capsule of the spleen, where it permits 
of the enlargement of the gland, which occurs 
during digestion, and adapts itself to the 
diminished size of the gland when digestion 
is completed. Lastly, it is found throughout 
the skin generally, where it is of use in 
allowing it to stretch and to adapt itself to 
the various movements of the body. Finally, 
together with white fibrous tissue, it enters 
into the formation of areolar tissue. 

5. AREOLAR TISSUE. 

Microscopical Appearances, — If a portion of 
areolar tissue is examined under the micro- 
scope it is seen to consist of yellow elastic, 
and white fibres, which are associated together 
to form bundles, which cross and recross in all 
directions. Though the bundles of fibres thus 
freely interlace, the individual fibres of the 
bundles are, in most instances, parallel to one 
another. Between the bundles there is a cer- 
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^^M tain amount of granular ground substance 
^^B which seems to cement them together; and 
^^H in this are situate numerous stellate proto- 
^^p plasmtc cells, which send their pro<;e5ses into 
, the bundles of fibres. 

Blood-vessels traverse the tissue on their way 

I to other parts, but only a few have been seen 
to terminate in iL 
Nerves also, in like manner, pass through it, 
but have not been seen to end in it. 
Lymp/iatics.—A. close connexion exists be- 
tween the cells of areolar tissue and the 
commencement of the lymphatics; for the 
flattened cells, which enter into the formation 
1 of the walls of the lymphatic vessels, become 
^^^ continuous with the processes of the stellate 
^^H cells of the areolar tissue. 
^^H Thus the lymphatics may be said to take 
^^m origin, as it were, in a network from the cell 
^^P spaces of the tissue. Absorption by the lym- 
^^ phatics readily takes place from these spaces. 
Not only do large lymphatics traverse this 
tissue on their way to or from distant parts, 
but in many cases large lymphatic networks 
may be observed bcneatli the skin, and be- 
neath mucous and serous membranes. 
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Properties. — It is resilient and elastic, pos- 
sesses no sensibility, and is only sparingly 
supplied with blood-vessels; a considerable 
quantity of water enters into its composition, 
so that it loses much of its weight on drj'ing. 
When boiled it yields a large quantity of 
gelatin, and after a prolonged boiling a slight 
amount of elastin. The addition of acetic 
acid causes the white fibrous portion of it to 
swell up and dissolve, rendering the elastic 
element still more apparent 

Uses. — ^Areolar tissue is one of the most 
extensively distributed tissues in the body, 
and many varieties of it have been distin- 
guished. When placed, for instance, beneath 
the skin, or beneath mucous and serous mem- 
branes, it is simply designated according to 
the membrane beneath which it is placed — 
subcutaneouSy submucous^ or subsermis areolar 
tissue. When placed between muscles and 
vessels, and other organs uniting and con- 
necting them together, it is called intermediate 
areolar tissue. In many cases it becomes 
more dense and consistent in its nature, form- 
ing a kind of sheath for muscles or glands or 
other organs, it is then called investing 2lX&A2x 
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tissue. It is often found passing in between the 
fibres and fasciculi of muscles, uniting them 
together ; and also binding together the lobes 
and lobules of glands. It follows the ramifi- 
cations of blood-vessels and nerves within 
these organs, supporting and protecting them. 
To this variety the name oi penetrating areolar 
tissue has been given. The fact of its exten- 
sive distribution and continuity throughout 
the body is of considerable medical interest, 
offering, as it does, an explanation of the 
means by which urine, dropsical waters, blood, 
or even air, effused into the areolar tissue 
spaces, may make their way from the spot 
where they were first effused to some distant 
part of the body. 

e, FAT TISSUE. 

Microscopical Appearances. — Whenexamined 
under the microscope fat or adipose tissue is 
Been to consist of small vesicles, which have a 
dark refracting outline filled with oily mate- 
rial, and enclosed in the meshes of areolar 
tissue. These vesicles are in some instances 
individually separated from one another, while 
In others they are collected into lobular clus- 
ters i these, in turn, arc associated together so 
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as to form little lumps of fat, readily \isible to 
the naked eye, and these again are in some 
parts aggr^^ted together to form irregular 
masses of considerable size (P. III. Fig. 2^. 
The fat cells are usually round or oval, but 
when closely packed together their shape 
may be variously modified. 

The size of the fat cells varies considerably, 
but their average size is about -^^th of an 
inch in diameter. Elach cell possesses a deli- 
cate envelope, which is lined by a layer of 
protoplasm in which a nucleus \i4th several 
nucleoli is imbedded, and which surrounds a 
clear, transparent, highly refracting drop of 
oil. In many cases the nucleus is not readily 
observable, as it is pushed aside and obscured 
by the fatty matter. Fat tissue is very freely 
supplied with blood-vessels. Comparatively 
large vessels are distributed to the lumps of 
fat, and these running between the lobules 
divide and subdivide, till at last a small 
artery and vein pass to each lobule, where, 
becoming much diminished in size and under- 
going, still more minute division, they sur- 
round the cluster with a minute capillary 
plexus externally, and then pass in between 
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the vesicles in all directions, supporting and 
connecting them. The lymphatics of fat are 
said to form wide meshed capillary plexuses; 
but beyond the fact that they bear an inti- 
mate relation to the blood-vessels — indeed, in 
many cases they are peri-vascular, — but little 
is known of their arrangement and distri- 
bution in this tissue. No nerves have been 
seen to end in adipose tissue, but nerves 
destined for other parts pass between its 
lobules. 

Properties and Composition. — Human fat is 
composed chiefly of palmittn, stearin, and 
olein. These (which are the saponifiable or 
neutral fata) are formed by the union of a 
fatty acid radical with glycerine in the pro- 
portion of three to one; they are therefore 
called ^n'-palmitin, //-/-stearin, and ^r/'-olein. 
Tri-olcin forms about one fourth of the fat 
of the body, and is the liquid or oily con- 
stituent, holding in solution the other two 
(tri-palmitin and tri-stearin) which constitute 
the remaining three-fourths, and are the solid 
ingredients. 

The varying consistency of animal fats de- 
pends upon the relative proportion of the 
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solid and liquid ingredients. The neutral fats 
are insoluble in cold water, but readily soluble 
in hot alcohol, fluid oils, ether, benzol, carbon 
disulphide, and chloroform. Treated with 
alkalies they are saponified ; that is, the fat is 
decomposed into fatty acid and glycerine, the 
fatty acid uniting with the alkali to form a 
soap whilst the glycerine remains in solution. 
They form an emulsion with a solution of 
albumin, and are highly inflammable. Oiole- 
sterifty which is a constituent of fat, can be 
obtained from nearly all the tissues and fluids 
of the body and occurs in gallstones, and the 
fluid of some hydatid and ovarian cysts. 
Cholesterin is not decomposed when treated 
with alkaline solutions. It is lighter than 
water, and is not dissolved by it ; it is very 
soluble in ether. It gives a deep red colour 
when evaporated with nitric acid, and the 
residue is touched with ammonia, and a violet 
colour when evaporated with hydrochloric 
acid and ferric chloride. The amount of fat 
in the human subject is about ^th of the 
weight of the body, but it is liable to great 
variations. 

Uses. — (i.) It maintains the temperature of 

C 
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the body in two ways, {a) Because it is a 
heat-producer — that is, being composed chiefly 
of carbon and hydrogen, it combines with 
oxygen to form carbonic acid and water, 
thus contributing to the heat of the body. 
(b.) Because it is a bad conductor of heat, 
and 50 helps to retain the warmth within the 
body. 

(2.) It is a packing material, filling up in- 
equalities and forming a bed in which other 
structures can lie, 

(3.) It is protective, being deposited around 
and between different organs, affording them 
support, facilitating motion, and protecting 
them from the injurious effects of pressure. 
As examples of this last use may be men- 
tioned the existence of fat in the palms of 
the hands and soles of the feet, in the orbits, 
and around the kidneys. When the diges- 
tive process introduces into the system more 
carbon and hydrogen than is required for 
immediate consumption, the excess of these 
elements is stored up in the form of fat, to 
be reabsorbed when required. The use of 
fat in nutrition is well illustrated in hyber- 
nating animals. 
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Though the chief source of fat in the body 
is the oleaginous constituents of the food, it 
is also formed by the decomposition of sac- 
charine and albuminous principles, which 
yield fatty acids, and, combining probably 
with glycerine, are converted into fat before 
their ultimate reduction into carbonic acid 
and water. 

Where found. 

1. Beneath the skin generally. 

2. In the great omentum, mesentery, &c. 

3. Lying on the outer surface of the syno- 
vial membranes, and filling up inequalities in 
joints. 

Absent from, 

1. The eyelids. 

2. The penis. 

3. The scrotum. 

4. The lungs. 

Fat tissue is also absent from the cranial 
cavity. 

As under normal conditions fat is decom- 
posed into carbonic acid and water in the 
body, only minute quantities are met with in 
the healthy human excretions. Under ab- 
normal conditions, however, fat appears in 
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the excretions ; when, for instance, the pan- 
creatic and biliary ducts are occluded, the fats 
introduced with the food into the intestinal 
canal are not emulsified and saponified, and, 
remaining in consequence unabsorbed, pass 
unaltered out of the system with the faeces. 
In chyluria, also, fat globules are seen in 
the urine. 
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CHAPTER IIL 

Classification of Cartilage — Temporary HyaliDe Carti- 
lage — Arncular, Costal, White aiul YeDow Fibrous 
Cartilages — Physical and Chemical coc^xisitkBi 
of Cartilages — Oumdrin^ GeJaiim^ and Elaitin 
contrasted. 

7. CARTILAGE. 

1. Temporary — 

A. Cellular, 
a Hyaline. 

2. Pennanent — 

1. Cellular (n(^ present in man). 

2. Hyaline — 

(L) Articular; 
(iL) CostaL 

3. Fibrous — 

(a.) White fibro-cartilage — 

(L) Interarticular ; 

(iL) Connecting; 

(iiL) Marginal ; 

(iv.) Sesamoid. 
(A) Yellow fibro-cartilage. 

I. Temporary Cartilage. 

The term temporary cartilage is applied to 
that form of cartilage which exists in consider- 
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ixble quantity in the foetus, and is subsequently- 
converted into bone. Two varieties of it exist, 
the ccllulur and the hyaline. 

A. Cdlular Cartilage is so called because, 
when examined under the microscope, it is 
tieen to consist of numbers of small, more or 
1pm spherical, granular-looking cells, closely 
pncked together. The matrix, which varies 
Ifrcntly in nmount, consists of very fine fibres, 
which ])ervnde the tissue throughout, passing 
I bclwcrn the ceils in all directions, and cnclos- 
[ Inji tliPm ill n network. Cellular or, as it has 
bpnn oiillcd, parcnciiymatous cartilage, is met 
wtlli in the eliorda dorsalis of the fcetus, and 
It nmy nUii be readily obtained from the 
«xlPinnl eEir of nits and mice. 

.. Ilyatiuf Cartila^. — When a thin slice 
[ of I'mldnne Iji examined under the micro- 
■copi", It l.t Hccn to consist of nucleated cells 
jlltlirililed In n stolid matrix. Sometimes the 
Itltilrlx In dim nnd granular, like ground 
|[Uiin ; wlilto nt other times it is clear and 
li'iinxpftrent. In hyaline cartilage, which is 
thr lypiciil Torm of the tissue, both these 
COnilltlonn occur, The cells of hyaline car- 
tllntio nrc masses of protoplasm, round or 
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oval in shape, possessing a well-marked 
nucleus and one or more nucleoli (P. II. 
Fig. 5). They are contained in cavities in 
the matrix named chondroplasts, which, 
under normal conditions, they completely 
fill. This cavity is lined by a fine trans- 
parent envelope which surrounds the cell, 
separates it from the matrix, and often pre- 
sents concentric layers. In the temporary 
form of hyaline cartilage, the cells are evenly 
dispersed throughout the matrix ; but in the 
costal and articular varieties they are usually 
arranged in groups. All cartilages, except 
those which occur in joints, are invested by 
a tough, fibro-vascular membrane called the 
pericJwndrium, When the cartilage becomes 
converted into bone, its membrane constitutes 
the periosteum, vessels ramify and freely 
divide and subdivide within it, but none have 
been seen to enter the cartilaginous substance 
till ossification begins, the cartilage itself re- 
ceiving its nutrition from the vascular peri- 
chondrium by a process of imbibition. 

2. Permanent Cartilages. 

A. Cellular, — This variety does not exist in 
its permanent form in the human subject. 
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^^H B. Hyaline Cartilage. — There are two va- 
^^Bietics of permanent hyaline cartilage, the 
^^^ptrticu/ar and the costal. 
^^P (i.) Artiatlar Cartilage. — The matrix of 
^^ articular cartilage differs from that of tem- 
porary hyaline cartilage, in that it is usually 
dim and granular. The cells are arranged in 
groups, but these are more regularly dispersed 
throughout the matrix than those which are 
met with in the costal variety of hyaline 
cartilage. If a vertical section of articular 
cartilage is examined, the groups of cells will 
be seen to have a very definite arrangement. 
Those placed nearest the bone are arranged 
in parallel rows, perpendicular to the surface 
of the bone they cover ; but the more super- 
ficial groups of cells are flattened, closely 
packed together, and are parallel to the 
surface. The matrix of articular cartilage is 
scarcely ever pervaded by fibres like those 
often seen in costal cartilage, nor is it prone 
to ossify, This variety of cartilage is found 
covering the articular surfaces of bones. 

(ii.) Costal Cartilage. — In costal cartilage, 
the matrix is tolerably clear, except when 
fibres have been developed in it, in which 
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parts it is opaque and yellowish. The cells 
of costal cartilage are longer than those of 
the articular variety, and the groups which 
they form are less evenly dispersed through- 
out the matrix. Many of the cells contain 
drops of oil in their interior ; and the nucleus, 
which cannot usually be seen, is concealed 
by the fatty matter, or may itself have under- 
gone fatty change. Costal cartilage has a 
great tendency to ossify. The cartilages of 
the nose, the ensiform cartilage, and the 
cartilages of the larynx, trachea, and large 
bronchi, with the exception of the cornicula 
laryngis, the cuneiform cartilages, and the 
epiglottis, closely resemble the costal car- 
tilages in their minute structure ; and with 
the exception of the cartilages of the nose, 
they resemble them in their tendency to 
ossify. 

Vascular Supply. — ^The articular cartilages 
being destitute of perichondrium, derive their 
nutrition from the adjacent vascular structures, 
more especially the bone, by a process of 
imbibition. Where- the cartilage exists in 
thick masses, as in the costal cartilages, 
channels are formed in it into which vessels 
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dip down to supply the deeper parts of the 
tissue, which are too distant to receive proper 
nourishment from the vessels of the peri- 
chondrium. These vessels, however, do not 
quit the vascular channels to ramify in the 
cartilaginous substance, so that it may still 
be regarded as extra-vascular. Cartilages are 
destitute of nerves, and are therefore devoid 
of sensibility. 

C. Fibrous Cartilages. — {a.) White fibro- 
cartilage consists of cartilage cells which are 
imbedded in a matrix of ordinary white 
fibrous tissue. In some cases the fibrous 
matrix exists in great quantities, and the 
cells are comparatively few in number when 
we have a tough, unyielding cartilage, as in 
the semilunar cartilages of the knee-joint ; 
in the others, the cells preponderate, and the 
cartilage is then soft and gelatinous, as in 
the central part of the intervertebral discs. 
White fibro-cartilage presents several varieties, 
which may be arranged in the following 
order : — 

(i.) Connecting, (ii.) Interarticular, 

(iii.) Marginal, (iv.) Sesa^noid, 

The sesamoid cartilages subsequently ossify. 



and their Structure. 2 7 

(i.) Connecting fibro-cartilages are such as 

pass between the adjacent surfaces of bones 

^^ joints which do not admit of gliding 

Motion. They exist in the following posi- 

f/ons : — 

I. Between the bodies of the vertebrce. 

^, In the sacro'iliac articulation. 

3. In the symphysis pubis, 

(ii.) /w/^far/irw/^xr fibro-cartilages are placed 
^tween the articular surfaces of bones, and 
^Xist in the following places : — 

1. In the semilunar cartilages of the knee- 
joint. 

2. In the triangular fibro-cartilage of the 
wrist. 

3. In the temporo-maxillary articulation. 
4* In the sterfio-clavicular articulation. 
5. In the acramio-clavicular articulation, 
(iii.) Marginal or circumferential cartilages 

are such as deepen the articular cavities of 
bones, and exist as under : — 

1. In the cotyloid cavity. 

2. In the glenoid cavity . 

(iv.) Sesamoid fibro-cartilages are found in 
the sheaths of tendons, and sometimes in 
their substance, as for instance — 
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1. In the tibialis posticus. 

2. In the peroneus longus, 

(d.) Yellow fibrO'Cartilage consists of cells 
with well-marked nuclei and nucleoli placed 
in a matrix, which is composed almost entirely 
of fine elastic fibres, and a small and variable 
quantity of hyaline, intercellular substance is 
also usually present. It is more flexible and 
tough than ordinary cartilage, and has but 
little tendency to ossify. It is found in the 
following places : — 

1. Epiglottis. 

2. Cornicula laryngis. 

3. The cuneiform cartilages. 

4. The cartilages of the ear. 

The cartilages of the external ear essentially 
belong to the yellow fibro-cartilage group. 
The cartilage is invested by a perichondrium, 
which is plentifully supplied with yellow 
elastic fibres ; these penetrating the matrix 
of the cartilage, intercommunicate with one 
another, forming fine plexuses, in the meshes 
of which small cartilage cells are embedded. 
The cartilage of the Eustachian tube belongs, 
according to Kolliker, to the group of hyaline 
cartilages. The hyaline matrix frequently 
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containing fibres, includes groups of oval 
and rounded cartilage cells. As the cells 
near the surface they become gradually 
smaller, and there is here a layer of closely 
felted nucleated areolar tissue which repre- 
sents the perichondrium. The cartilaginous 
substance and the perichondrium, present no 
distinct line of separation, but pass gradually 
one into the other ; but here and there the 
vascular tissue of the perichondrium dips 
down more or less deeply into the substance 
of the cartilage (Strieker). 

Composition of Cartilage, 

When permanent cartilage is boiled for a 
long time, it is resolved into choftdrin. This 
substance appears to be a modification of 
gelatine, but differs from it in that it is 
precipitated by acetic acid, the precipitate 
being soluble in potassium ferro- and ferri- 
cyanide, which distinguishes it from albumen. 
It is also precipitated by dilute mineral acids, 
and by the salts of aluminium, iron, lead, 
silver, and copper, whilst its solutions are 
only rendered slightly turbid by tannic acid. 

Gelatin is transparent and colourless, and 
destitute of taste and smell. Solutions of it 
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are precipitated by alcohol and ether, but not 
by acids, with the exception of tannic acid. 
Chlorine water and corrosive sublimate pre- 
cipitate it, but other salts of mercury and 
those of silver have no such effect upon it 

Elastin is the base of elastic tissue, and 
may be obtained pure from the ligamentum 
nuchae of animals by boiling it successively 
with alcohol, ether, water, concentrated acetic 
acid, dilute solutions of potash, and hydro- 
chloric acid (Carpenter;. 
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CHAPTER IV. 

Microscopical Appearances and minute Structure of 
Bone — Physical Properties and Chemical Compo- 
sition — The Growth of Bone and its Mode of De- 
velopment in Cartilage and Membrane. 

BONE. 

Microscopical Appearances and Structure, 
If a transverse section of bone is examined 
under the microscope, it is seen to consist 
of a number of circular systems, each pos- 
sessing a central aperture, arranged around 
which are little irregular spaces with small 
canals extending from them in all direc- 
tions. The spaces (P. I. Fig. i) are called 
lacunce (P. I. Fig. i, ^), and lodge the bone- 
cells, and the channels leading out from 
them are called canaliculiy and lodge the 
processes of the bone-cells in the recent 
state. The canaliculi of the separate lacunae 
communicate with one another, and also with 
the central aperture. If a longitudinal sec- 
tion of bone is now observed, it will be seen 
that the central apertures in the circular 
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systems are the cut ends of canals, which, 
running lengthways through the bone, com- 
municate with each other by lateral branches, 
and are called Haversian canals (P. I. Fig. 
1, a). They are about -^^ of an inch in 
diameter, and contain a small artery derived 
in some instances from the periosteal vessels, 
and in others from the vessels of the endo- 
steum. The lacunae and canaliculi absorbing 
nutrient material from them convey it to 
the ultimate parts of the bone. The Haver- 
sian canals are surrounded by a variable 
number of concentric lines, from five to ten, 
or more, called the Haversian lamellce, and 
between these lamellae are the lacunae and 
canaliculi. The Haversian canal, together 
with the concentric lamellae, and , lacunae, 
and canaliculi, constitute what is known as 
an Haversian system. Every lacuna is occu- 
pied by a nucleated mass . of protoplasm, 
the bone-cell or osteoblast which sends its 
processes into the canaliculi and presides over 
the nutrition of the osseous substance. Be- 
side the lamellae mentioned above as being 
concentric with the Haversian canals, there 
are other lamellae which are parallel with the 
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medullary canal and with the surface of the 
bone, and these have been named ^ peritne- 
dullary^ and ^peripheric* systems of lamellae. 
There are a third set of lamellae which do not 
coincide with either of these systems, but are 
placed between them ; these are called * inter- 
'nudiary * lamellae, and are the remains of old 
Haversian systems which have been removed 
by gradual absorption. In the neighbourhood 
ol these lamellae are often seen vacuities or 
spaces, formed also by absorption of the tissue, 
and called Haversian spaces, (P. I. Fig! i d.) 
The lamellae form the proper substance of 
the bone. If the earthy matter be removed 
by steeping the bone in acid it will be seen 
that the lamellae present a definitely fibrous 
structure, the fibres are transparent and 
decussate with one another so as to form 
a finely reticular network. The external 
peripheric reticular lamellae are in many 
places perforated by tapering fibres resem- 
bling in character white fibrous tissue, which 
bolt the lamellae together, and may be drawn 
out when they are torn apart ; these are 
known by the name of the perforating fibres 
of Sharpey. 

D 
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The texture of the bone \'aries ccmsiderablj' 
in difierent parts of the same bone as well a 
in different bones. In some parts the bone 
is dense or compact, while in others it 
possesses numerous spaces, and is open in 
structure, when it is said to be spongy o* 
cancellated- In long bones the shaft is mad* 
up almost entirely of compact bone possessing 
only a thin layer of cancellar tissue on the if' 
terior ; while the articular ends are compW^ 
almost entirely of cancellous tissue with only 
a thin la\-er of compact bone outside 

Occupying the centre of a bone is the 
medullary canal, originally formed by absorp- 
tion from an Haversian canal; it is lined by 
a highly vascular areolar tissue called the 
endosteum, which is also prolonged into the 
smaller cavities in the cancellous tissue at the 
articular ends. The marrow of bones differs 
from ordinary fat tissue in the small amount 
of supporting areolar tissue it possesses, the 
cells being supported by spicula; and lamelbe 
of bone, which project into the medullary 
canal. It is composed of about 96 parts of 
fat, the remaining 4 parts being made up 
of fluid and supporting tissue. Cells closely 
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''f^sembling lymphoid corpuscles, but pos- 

^sing no nucleus, and capable of performing 

^mceboid movements have been seen in it. 

In the cavities of the cancellous tissue in the 

^J^icular ends of long bones, and in other 

■^ones, as the sternum, ribs, and vertebrae, a 

'"oddish fluid, formerly supposed to be mar- 

^^w, exists ; but it differs from marrow in 

^tily containing a trace of fat. It contains 

^bout 75 per cent of water and 25 per cent of 

Albumin, fibrin, and salts. 

Vasadar Supply, — The surfaces of bones, 
Except the part covered by articular cartilage, 
are invested by a fibro-vascular membrane — 
the periosteum — which consists of an outer 
layer — which is composed of fibrous tissue, 
which serves for the attachment of tendons, 
and contains a quantity of blood-vessels — and 
an inner layer, which contains cells, and pre- 
sides over the nutrition and growth of the 
bone. The nutrient artery, which enters at 
the nutrient foramen, makes its way to the 
medullary canal, and supplies the marrow and 
endosteum. A few of the endosteal vessels 
pass to the Haversian canals which are 
nearest the medullary canal ; but by far the 
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greater number of the Haversian blood--v 
sels are derived from the periosteal vessels. 
A few vessels also enter the bone at the 
articular ends to supply the cancellous tissue. 
A long bone derives its vascular supply from 
three sources :— 

i. From the nutrient artery which supplies 
the marrow and endosteum, 

ii. From vessels which are derived from the 
periosteum, and, entering vascular foramina 
on the surface of the bone, find their way to 
the Haversian canals. 

iii. From vessels which supply the cancel- 
lous tissue at the articular ends. 

Nerves. — A few small nerves have been 
seen to enter the bone together with the 
nutrient artery, and reaching the medullary 
canal, they are distributed to the endosteum ; 
some also accompany the vessels which enter 
at the articular ends of the bone (KoUiivcr). 

Lymphatics have -been seen to enter the 
bone substance, but their ultimate distribu- 
tion within it has not yet been accurately 
determined. 

Pkysitai Pnftrlus. 

Bone is tough and elastic, and possesses 
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great power of resisting pressure. It is of a 
pink and slightly bluish colour in the living 
state, but is white when dead. The specific 
gravity varies from 1*898 to 1*964. The 
elasticity of a bone is well shown in such 
bones as the ribs and clavicle. 

Chemical Composition, 

Bone is composed of both animal and 
mineral matter ; the former constituting 
about 33 per cent and the latter 6y per 
cent of the. whole. The animal matter, 
when it is boiled, yields gelatine. The 
mineral matter is composed of about ^J 
parts of calcium phosphate, 8 parts of 
calcium carbonate, I part of calcium fluoride, 
and I part of magnesium phosphate. The 
relative proportion of animal and mineral 
matter varies in different bones in the same 
individual, and in the same bone at different 
ages. The spongy flat bones contain from 
1 2 to 30 per cent of water, and the compact 
tissue from 3 to 7 per cent. The earthy 
matter may be separated from the animal 
portion by burning the bone in an open 
fire : at first it becomes black, owing to the 
charring of animal matter, but subsequently 
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become white, brittle, and chalk-like. The 
animal part, on the other hand, can be sepa- 
rated from the mineral by steeping the bone 
in dilute hydrochloric acid — the lime salts are 
then dissolved out, and a tough but flexible 
substance remains, which retains the original 
shape of the bone. When the earthy part 
is thus removed the bone is found to have 
lost about two-thirds of its weight" 

Droelopmeni of Bone. 

All bones may be divided according to 
their development into two classes. 

i. Those ossified directly in membrane, as 
the bones forming the vault of the skull, 

ii. Those which previous to ossification are 
laid down in cartilage, as, for instance, the 
humerus and femur. The intra-cartilaginous 
ossification, or development of bone from 
cartilage, is not to be regarded as in any 
sense a metamorphosis of cartilage into bone, 
but rather as a substitution of bone for carti- 
lage, in which the following stages may be 
generally recognised. 

i. The cartilage cells arrange themselves 

in rows parallel to the longitudinal axis of 

I the bone. 
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iL There is a deposition of lime salts 
between the cell; this is called 'the calcifi- 
cation of the matrix.' 

iiL The absorption of the calcified matrix. 

iv. Pari passu with the absorption of the 
calcified matrix there is an invasion by blood- 
vessels and osteogenic membrane, which is 
continuous with, and similar to the deep layer 
of the perichondrium. This bringing with it 
a quantity of cells^ constitutes the cell pro- 
liferation stage. 

V. The ossification of the intercellular por- 
tion of the new membrane. 

vL Most of the cells are left forming the 
bone corpuscles, the spaces in which they lie 
forming the lacunae, while others form the red 
or young marrow cells. 

viL The formation, by absorption, of the 
medullary canal, and the production of yellow 
or adult marrow. 

The process of intra-membranous ossifica- 
tion is similar to that in cartilage if we except 
the previous calcification. The membrane 
from which the bone is developed is similar 
to the perichondrium in structure. The deep 
layer of this membrane, bringing with it blood- 
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vessels and young cells, extends into the 
adjacent fibrous texture, and a deposit of 
calcareous matter takes place, forming a 
centre from which irregularly pointed pro- 
cesses radiate. The calcareous deposit ex- 
tends till the whole of the interceUuIar 
membrane is ossified ; spaces being left for 
the vessels and bone-cells, which constitute 
the Haversian canals and lacunae, as in the 
intra-cartilaginous form of ossification. 

Growth of Bone. 

Calcareous deposits, which are czAcA centres 
of ossification, take place in one or more 
points in ail bones. Typical long bones have at 
least three such centres : one from which the 
shaft or diaphysis is developed, and the others 
for each articular extremity or epiphysis. The 
increase in length of a bone takes place 
almost entirely between the epiphysis and 
the shaft. If ivory pegs are driven into the 
shaft of a growing bone the distance between 
them does not increase appreciably, no matter 
how long they may remain there ; but if one 
peg is placed in the shaft, and a second in the 
epiphysis of a growing bone, as the bone 
increases in length the distance between the, 
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pegs becomes greater ; showing, that growth 
in length takes place by the ossification of 
the cartilage between the epiphysis and the 
shaft Increase in girth takes place by the 
deposition of new bone from the inner layer 
of the periosteum. This may be proved by 
the fact that a metal ring placed beneath the 
periosteum soon becomes covered by new 
bone ; while if it be placed between the two 
layers of the periosteum, or superficial to them, 
no bony deposit takes place upon it As new 
bone is being deposited on the outside ab- 
sorption is taking place within : the two pro- 
cesses, indeed, going on concurrently. This 
mode of increase of a bone in length and 
thickness may be further illustrated by feed- 
ing an animal upon madder^ when, as the 
earthy constituents of the newly formed bone 
unite with the colouring matter, it becomes 
deeply tinged, and the bone which is of new 
formation can be easily distinguished. The 
knowledge of the fact that a bone increases 
in length by the ossification of the cartilage 
between the epiphysis and the shaft is of 
practical surgical importance, for if the epi- 
physis, together with the intermediate carti- 
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lage, be removed from a bone, growth in 
length, at that extremity, cannot take place. 

Uses. 

Bones form the framework of the body, 
supporting the soft tissues, protecting im- 
portant internal organs, as, for instance, the 
brain and spinal cord, and the thoracic and 
some of the abdominal viscera, and forming, 
in the limbs, a system of levers worked by 
muscles, by means of which the various move- 
ments of the body are affected. 
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CHAPTER V. 

Anatomical Parts of a Tooth — Microscopical Appear- 
ances and Structure of Dentine — Enamel and 
Crusta Petrosa — The Pulp Cavity and its Contents 
— Development of Teeth — Permanent Dentition. 

TOOTH. 

Parts of a Tooth, 

The teeth are firmly imbedded in sockets, 
or alveoli, in the upper and lower jaws. That 
part of a tooth which is placed above the line 
of the gum, and is exposed to wear, is called 
the crown or body ; the constricted portion at 
the line of the gum is called the neck ; while 
every tooth possesses one or more fangs, 
which are buried in a socket formed in part 
by the bone, and partly by the dense mucous 
membrane of the mouth which constitutes 
the gum (P. II. Fig. 6). 

Occupying the interior of a tooth is a 
cavity, called the pulp cavity (P. II. Fig. 7). 
It contains the dental pulp, which is made 
up of loose areolar tissue, with blood-vessels 
and nerves, and some stellate or oval proto- 
plasmic cells, closely resembling the bone- 
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I cells, which line the margin of the pulp 
I cavity and send their processes into the 
I dentine tubules. These have been named 
I tooth-cells or odontoblasts. Leading from 
I the pulp cavity are small canals, which tra- 
l verse the fangs and open at their points, and 
5 by means of these canals that the blood- 
I vessels and nerves reach the dental pulp. 
1 The greater part of the body of a tooth is 
p made up of a substance called Dentine (P. II. 

Fig. 7). 
I Microscopical Appearances and Struc- 
ture OF Dentine. 
When looked at under the microscope, 
dentine is seen to possess a solid but trans- 
parent matrix, which is crossed by numerous 
tubules, radiating from the pulp cavity to- 
wards the outer surface of the tooth, and 
communicating by their wider ends with the 
pulp cavity, while their outer extremities, 
which are much narrower, come in contact 
with the under surface of the enamel and 
cement. The tubules being filled with air 
look dark. They divide and subdivide di- 
chotomously, and send off minute branches. 
When looked at in a mass they are 
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pursue a wavy, undulating course, and to 
present two or three gentle bends or curves ; 
these are called the primary curvatures. 
When, however, the dentine is examined with 
a higher power the individual tubules are 
seen to be twisted spirally upon themselves. 
These spiral twistings are called the secondary 
curvatures (P. III. Fig. 8). In the recent 
state the tubules contain the processes of the 
odontoblasts, which are prolonged into them 
from the cells as they line the margin of 
the pulp cavity. Fine nerve filaments have 
also been traced into the tubules with the 
cell processes. Near the outer surface of the 
dentine a modification of the matrix exists. 
It is broken up into spaces, globular in form, 
but varying much in size, and said to be due 
to an imperfect calcification of the matrix. 
Near the surface of the dentine there is 
often to be observed a layer, in which these 
spaces are very small and placed closely 
together; this is called the granular layer 
of Purkinje. 

Properties and Composition, 

Dentine or ivory is a hard, resistant mate- 
rial ; it is somewhat harder than bone, con- 
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taining 72 per cent of mineral, and 38 per cent 
of animal, matter. The mineral matter is 
composed chiefly of phosphate and carbonate 
Qi lime, with traces of fluoride of calcium and 
phosphate of magnesia. 

Enamel. 

This covers the dentine, which forms the 
exposed portion of the tooth, and it gradually 
becomes thinner at the neck, where it ceases. 

(P. n. Fig. 7.) 

Microscopical Appearances. 

Enamel, which is developed from epithe- 
lium, is composed of solid hexagonal fibres 
of about ab'^nu th of an inch in diameter, which 
radiate from the dentine and fit into depres- 
sions on its surface. At the top of the tooth 
they are for the most part vertical, while 
towards the sides they are horizontal. The 
fibres, which are seen to be marked by trans- 
verse lines, are usually solid. Coating the 
outside of the enamel in unworn teeth is a 
very thin membrane ; this is called the 'Cuticle 
of the Enamel.' 

Properties and Composition. 

It is the hardest tissue in the body, con- 
taining only 3 per cent of animal, and abw 



abo^t^ 



and their Structure. 47 

97 per cent of mineral, matter. The mineral 
constituents are the same as those met with 
in dentine and bone. 

Cement, or Crusta Petrosa. 

The Crusta Petrosa is ' bone modified in 
structure; it is met with below the line of 
the gum, investing that part of the dentine 
which is not covered by the enamel. Its 
lacunae ^nd canaliculi are larger and more 
irregular than those of ordinary bone, and 
it possesses no Haversian canals. In some 
instances the canaliculi which are nearest the 
dentine communicate with the termination of 
the dentine tubules. 

Development of the Teeth, 

The successive steps in the development of 
a tooth may be represented in the following 
order : — 

1. Thickening of the epithelium covering 
the jaw, and formation of a groove in which 
the epithelium is contained. The groove is 
called the Primitive Dental Groove^ and the 
epithelium lying in it the * General Enamel 
Germ! 

2, Secondary involutions of the general 
enamel germ, corresponding to the sockets 
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of the future teeth, take place. These are 
. called the 'Special' Enamel Genns. 
I 3. The up-growth of a vascular papilla, 
I which indents the epithelial process till it 

forms a cap for the dental papilla. 

4. The pedicle or stalk of cells, by which 
the special enamel germ is connected with the 
free surface, gradual 1yd is appears, and the tooth 
becomes enveloped in its dental sac, which is 
formed by the growing together of the dental 
groove over and between the dental papillae. 

5. The papilla becomes moulded into the 
shape of the crown of the future tooth. 

6. A cap of dentine is slowly deposited on 
the surface of the papilla, which increases in 
extent by additions to its edges, and in thick- 
ness by additions to its interior. 

7. The substance of the papilla gradually 
decreases, and persists as the pulp of the 

' future tooth, 

8. The columnar epithelial cells of the 
, enamel germ in contact with the dentine 

are calcified, forming the enamel, while the 
superficial layers remain, forming the cuticle 
of the enamel, 

9. As the tooth grows upwards, the fane^^ 
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gradually calcified, and the cement is deposited 
on it from the inner layer of the dental sac. 

10. E^ch tooth gradually developes, and 
pressing on the wall of the sac inclosing it, 
and causing its absorption, bursts through 
when it is said to be ^ cut^ 

Development oftJie Dentine. 

From the description given above, it will be 
seen that the dentine is developed from the 
cells on the surface of the dental papilla — 
growing, indeed, at the expense of the dental 
papilla — the papilla gradually diminishing as 
the dentine increases in amount. The cells of 
the pulp become elongated, and send out pro- 
cesses; the substance of the pulp between these 
processes undergoes a kind of calcification, so 
that the pulp gradually becomes transformed 
into the solid matrix of the dentine. The 
calcareous deposit takes place around the 
processes of the cells forming the channels 
in which they lie, which are indeed the de?ttine 
tubules. 

The cement which, as stated above, closely 
resembles ordinary bone, is developed, in the 
same manner as the superficial layers of bone, 
from the deeper layer of the periosteum. 

E 
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Permanent Dentition. 

Some of the cells of the special enamel 
germ are, as it were, shut off from the rest in 
■ a little flask-like prolongation from the dental 
sac of each milk-tooth. This gradually en- 
larges, and a papilla becomes developed in 
its interior, from which a new tooth is formed. 
As the new tooth increases in size it presses 
upon the root of the corresponding milk-tooth, 
and causes its absorption, so that it finally 
falls out, or is sked. And in this way all the 
milk-teeth are in time replaced by teeth of 
the permanent dentition. At the time when 
the dental sacs are formed by the growing 
together of the dental groove, the portion of 
the groove posterior to the last temporary 
molar follicle remains un obi iterated, and forms 
a cavity which is occupied by a prolongation 
backwards of the enamel germ ; subsequently 
a papilla makes its appearance at the bottom 
of this cavity, and forms the rudiment of tlie 
first permanent molar tooth. The deeper 
portion of this gradually closes in around the 
papilla and forms its dental sac ; but the 
more superficial portion, extending backwards, 
forms another cavity of reserve, in which the 
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second permanent molar tooth is developed ; 
from this another prolongation backwards 
occurs, forming a cavity in which the wisdom 
tooth is developed. The subsequent develop- 
ment of the permanent molar teeth resembles 
in all respects that of the temporary teeth 
described above. The teeth of the lower jaw 
make their appearance somewhat earlier than 
those of the upper jaw ; speaking generally, 
from the sixth to the seventh year the 
greatest number of teeth are to be met with 
in the jaws, as at that period there are all the 
milk-teeth, as well as all the permanent teeth 
present, with the exception of the wisdom 
teeth, and the rudiments of these may even 
be observed at this period. The following 
are the approximate dates of the eruption of 
the permanent teeth : — 

Incisors (central) appear about 7th year. 

„ (lateral) „ 8th „ 

Canines „ i ith or 1 2th year. 

Bicuspids (anterior) „ 9th year. 

„ (posterior) ,, loth „ 

Molars (first) „ 6th „ 

„ (second) „ 12 th on 3th year. 

„ (third) „ 17th to 25th „ 



CHAPTER VI. 

ACTIVE TISSUES. 

Structural Elements of Nerve Tissue— Variel 

Nerve Fibres, their Microscopica! Appearances 
and Minute Structure — Nerve Cells — Structure of 
Ganglia — Central and Peripheral Terminations of 
Nerves — Tactile Corpuscles, Pacinian Bodies, End 
Bulbs — The Positions in which they occur — Pro- 
perties and Composition of Nerves — Their Uses. 
NERVE. 

In describing nerve-tissue, two different 
structural elements have to be spoken of, 
namely, nerve-fibres and nerve-cells. Two 
kinds of nerve-fibres are distinguished, first, 
the white, meduUated, or dark-bordered, and 
secondly, i^cG grey,paU, or non-medullated. 

The white or meduUated nerve-fibres are 
met with chiefly in the cerebro-spinal nervous 
system, but they also occur sparingly in the 
sympathetic system. The grey or non- 
medullated nerve-fibres, on the other hand, 
arc the characteristic fibres of the sympathetic 
nervous system. When a perfectly fresh 
meduUated nerve-fibre is examined under 
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the microscope^ it apparently consists of a 
transparent oil-like material contained within 
a limiting membrane ; when examined some 
time after death, or after the action of various 
reagents, more definite structural characters 
can be made out. After exposure to air or 
water for a short time, a kind of coagulation 
occurs, and the oil-like material immediately 
within the limiting membrane becomes opaque 
and granular; when this takes place, the 
outline of the tube, which was previously 
transparent, acquires a dark, double contour, 
the outer line being formed by the limiting 
membrane, and the inner by the coagulated 
oil-like material. While these changes are 
taking place, a greyish band or streak, 
occupying the centre of the tube, makes its 
appearance. It now becomes apparent that 
each nerve-fibre consists of three distinct 
parts (PI. III. Fig. 10). 

1. Of a delicate membrane, composed of 
fine elastic fibres covered superficially by a 
layer of flattened nucleated cells, and called 
tlie primitive sheath of Schwann, 

2. Contained within this membrane is a 
granular material which resembles fat in 
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bong U^tiy refractive, and in being readily 
i b>f dbcr.md atained Usck by osmic 
This B called dr wAite substance of 
■ » JUUSl 

3. Oc ap y i i^ tfac centre of the tube is an 
albaminoBS material fonnii^ a greyish streak 
or band, caBed the axis cytimJer. 

The primitnc sbeatli serves as an investing 
membraoe to the nerve-Gbre, and is purely 
protective is its oature. In some special 
positions, to be noticed farther on, it is 
absent. 

The white substance of Schwann acts as 
an insulator, and prevents the radiation of 
the ner\'e-curTent to adjacent nerve-fibres. 
It is a fatty and albuminous material, and 
is rendered opaque and brown by the action 
of chromic acid ; the ease with which it 
is dissolved by ether, and stained black 
by osmic acid, fully indicates its fatty 
nature. 

The axis cylinder is the essential part of 
the nerve, and the conductor of nen'e force. 
This assumption is based on the fact that 
the axis cylinder is always present, whatever 
other constituent of the nerve-fibre may be 
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absent, and its continuity is never interrupted. 
The axis cylinder has sometimes been ob- 
served to split up into delicate longitudinal 
fibrillae. This is well shown in the cornea, 
where the axis cylinders of the nerve-fibres 
break up into numerous fibrillae, which go to 
form terminal networks, and also in the 
spinal cord, where these fibrillae form a large 
portion of the grey matter. 

Unlike the white substance, it is unaffected 
by chromic acid, but it is stained red by an 
ammoniacal solution of carmine, a reagent 
which has no effect on the white substance. 
Ranvier described the occurrence of annular 
constrictions or breaks in the continuity of 
the white substance, which may be observed 
in all medullated nerve-fibres at intervals of 
about ^Vth of an inch. These breaks are called 
the nodes of Ranvier. They may be readily 
brought into view by the action of osmic 
acid, which stains the white substance black, 
but leaves the nodes almost colourless (PL III. 
Fi& 9)- I^ ^2ich interannular segment be- 
tween the white substance and the primitive 
sheath, a clear oval nucleus may be seen, 
«vith a certain amount of granular proto- 
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^^^Bplasmic material around it ; where the breaks I 
^^■^ occur, the primitive sheath dips down and 
surrounds the axis cylinder. Placed between 
the segments, there is a certain amount of 
semi-gelatinous material, called the inlerseg- 
mejital substance of Ranvier. The nodes of 
Ranvier are absent from the non-medullated 
lerve-fibres. 
In some cases, the white substance of 
I Schwann is irregularly disposed, being swollen 
tout at certain parts and irregularly contracted 
t at others. The nerves where this arrange- 
I ment of the white substance occurs are called 
L varicose nerve-fibres, and they are usually 
'destitute of a primitive sheath, These fibres 
are met with in the optic, auditory, and I 
olfactory nerves, and they occur also in the 
brain and spinal cord. | 

I NON-MEDUI.LATED NERVE-FIBRES. 
I Grey nerve-fibres frequently possess an 
' investing sheath, which corresponds to the 
primitive sheath in the medullated variety ; 
in this sheath nuclei are often visible. Within 
■ the sheath is an axis cylinder, which possesses 
, the same characteristics as that of the white 
nerve-fibres, being composed of extremely 
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delicate fibrillae, with a certain amount of 
granular material between them. 

Microscopical Appearances, 

When examined under the microscope, 
grey nerve-tissue is seen to consist of fibres 
which possess a straight but indistinct outline, 
and generally having a yellowish-grey hue 
(PL III. Fig. 12). Microscopically they differ 
from the white variety, in that they possess 
no double contour, no dark refracting outline, 
no nodes of Ranvier, no granular appearance, 
no varicosities, and they are much smaller 
in size than the meduUated fibres, and of a 
greyish colour. 

Varieties of Nerve-fibres, 

Nerve-fibres exist in very varied forms. 
In some, the primitive sheath and white 
substance may be absent ; in others, one or 
other of these may be absent, but the axis 
cylinder is always present. We may have 
nerves made up of one fibrilla, and possessing 
a greater or less amount of medulla, or we 
may have them made up of a bundle of 
fibrillae without any medulla or sheath. The 
various modifications of nerve-fibres have 
been enumerated under six heads : — 
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1. Primitive fibril without sheath or me- 
dulla. 

2. A bundle of primitive fibrils without 
sheath or medulla. 

3. A bundle of primitive fibrils with a 
sheath. 

4. A primitive fibril with medulla. 

5. A bundle of primitive fibrils with me- 
dulla. 

6. A bundle of primitive fibrils with me- 
dulla and sheath. ■ 

The above is a description of the structure 
of individual nerve-fibres ; let us now see the 
way in which nerve-fibres are associated 
together to form a nerve. In the first place, 
a number of nerve-fibres are enclosed in a 
tubular sheath, forming a slender cord called 
^fimiailus ; several of these funiculi are then 
bound together by a common sheath of fibro- 
areolar tissue to form a nerve. The tubular 
membrane which binds the nerve-fibres to- 
gether to form a funiculus, is made up of 
two or three lamellae of delicate reticular 
tissue, with flattened epithelioid cells on the 
surface, and is called the ?ieuriletnma. The 
denser sheath which binds the funiculi X\ 
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gether to make a nerve, and invests the 
whole nerve, is made up of areolar tissue, 
sometimes so dense that it might well be 
called fibrous tissue, has received the name 
of the cellular sheath. The following, then, 
is the arrangement of the investing sheaths 
met with in a nerve : — the primitive sheath 
invests the nerve-fibre; the neurilemma in- 
vests the funiculus ; while the cellular sheath 
invests the whole nerve. Blood-vessels and 
lymphatics exist in the nervous cords. 

Nerve-cells. 

Nerve-cells are met with in the grey 
matter of the spinal cord and brain ; and 
from the fact that they form an important 
part of the nervous ganglia, are often called 
ganglion cells. They constitute the second 
structural element in the nervous system. 
Besides existing in the cerebro-spinal centre, 
nerve-cells are in some cases met with in the 
peripheral expansions of the nerves of special 
sense, and in some cases, also, in the course 
of other nerves. Nerve-cells vary much in 
their size and form as well as in their 
structure ; the simpler varieties are round 
or oval, while the larger are polygonal and 
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^^H stellate. In many cases, nerve-cells, especially 
^^B those met with in the spinal cord and brain, 
^^V send out processes which are often finely 
^^R branched, and such cells are called, according 
^^ to the number of processes they have, uni- 
polar, bipolar, or multipolar cells (PI. III. 
I Fig- 13)- 
Nerve-cells usually possess a well-marked 
nucleus, and contain one, and often two 
nucleoli. The interior of the cells is made 
up of a soft, somewhat granular substance, 
which is frequently fibrillated ; in the neigh- 
bourhood of the nucleus, they are often 
stained a darker colour by groups of brown 
or yellow pigment granules. In some cases 
a distinct cell-wall can be plainly seen, while 
at other times it is not so plainly visible. In 
the brain and spinal cord, the nerve-cells are 
imbedded in a very fine reticular tissue — the 
neuroglia, while in the smaller nerve ganglia, 
as in the sympathetic ganglia and the ganglia 
on the posterior roots of the spinal nerves, 
the nerve-cells are surrounded by a distinct 
fibrous tissue capsule. KblHker has differ- 
entiated this capsule into two distinct layers, 
namely, an outer fibrous layer and an inner 
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layer, composed of a simple layer of flattened 
endothelial cells. 

The processes of the cells are prolongations 
of the granular material which composes its 
substance. Some of these processes, after 
dividing and subdividing minutely, terminate 
at a variable distance from the capsule ; 
others, again, intercommunicate freely with 
the processes of other cells, while some are 
continuous with the axis cylinder of a nerve- 
fibre, gradually acquiring a white substance 
and primitive sheath. This last-named mode 
of connexion of nerve-cells with nerve-fibres, 
may readily be traced out in the anterior 
comua of the grey matter of the spinal cord. 
As stated above, nerve-cells, though in many 
cases existing separately, as in the cerebro- 
spinal centre, are at other times associated 
together to form nerve-ganglia. The sub- 
stance of these ganglia is made up of these 
cells, together with an intercellular supporting 
fibrous stroma, and they are surrounded 
externally by a capsule, derived from the 
external sheath of the nerve, which sends 
processes into their interior. The individual 
cells within the ganglion are surrounded by 
a delicate nucleated capsule, which is probably 
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\ continuous with the primitive sheaths of the 
I nerves which enter the ganglion (PI. IV. 
I Fig. 16). When a nerve enters a ganglion, 
I it splits up into its constituent fibres, which 
' pass bet\veen the nerve-cells occupying the 
interior of the ganglion ; but on quitting it, 
these fibres are again associated together to 
form distinct nervous cords, surrounded by 
I the usual investing sheaths. Every nerve- 
I cell is connected with one or more nerve- 
fibres, but many nerve-fibres have been 
observed to pass through a ganglion without 
being connected with a nerve-cell. 
Nerve TermiJiation.s. 
The terminations of nerves may be divided 
into central and peripheral. The way in which 
nerves are connected centrally in the brain and 
spinal cord has not yet been clearly made out ; 
but the following are some of the chief modes 
of connexion of nerve-fibres with nerve-cells 
which have hitherto been described : — 

I. Some specially modified nerve-cells have 
been described by Bcale, as existing in the 
ganglia of the sympathetic system of the frog. 
The cells are pear-shaped, and from their 
narrow extremity two nerve-fibres arise ; one 
of these fibres is straight, and the other spiral. 
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The straight fibre passes into the interior of the 
cell substance, and forms, as it were, the stalk 
of the cell. The spiral fibre apparently begins 
nearer the periphery of the cell, and making 
several turns around the cell, within its cap- 
sule, is continued in spiral coils around the 
straight nerve-fibre. On arriving at the ner- 
vous bundle to which they are distributed 
the fibres turn in opposite directions (P. IV. 
Fig. 14). Both fibres are distinctly nucleated, 
and at first only present the characters of an 
axis cylinder ; but they subsequently acquire 
a medullary and primitive sheath. 

2. Two methods of connexion of nerve- 
fibres with cells have been described by 
Gerlach. In the first instance, from the 
many processes of a nerve-cell, one, which 
is unbranched, and which springs either 
directly from the body of the cell, or from 
its chief and broadest process, has been seen 
to become invested at a variable distance 
from the nerve-cell by medulla, subsequently 
acquiring a primitive sheath, thus forming a 
nerve-fibre, the axis cylinder of which is 
formed by the unbranched process of a nerve- 
cell (P. IV. Fig. 15). In the second case a 
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I nerve-fibre has been seen to divide, and the 

two branches which result from its division 

I to communicate with the dehcate fibrils formed 

by the subdivision of the processes of two 

nerve-cells (P. IV. Fig. 17). 

3. Lastly, the axis cylinder of a nerve-fibre, 
has been seen to become continuous with the 
fine fibril resulting from the union of the 
finely divided processes of two or three nerve- 
cells ; but this communication takes place by 
the intervention of a bipolar cell, one pole of 
which is continuous with the fine fibril derived 
from the processes of the nerve-cells, and the 
other with the axis cylinder of the nerve-fibre. 

Peripheral Terminations of Nerves. 

The way in which nerves terminate peri- 
pherally may be represented as follows : — 

A. Motor nerves terminate, — 

t. In striated muscle — in motor end plates. 
2. In unstriated muscle — in plexuses. 

B. Sensory nerves terminate, — 

I. In the skin, in plexuses and different 
endings, as, — 

(«) Tactile corpi 
(/3) Pacinian bO' 
(7) End bulbs. 
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2. In mucous and serous membranes ; — 

(i.) In plexuses. 

(11.) In end bulbs, also, in the mucous 
membranes. 

3. In the organs of special sense in different 
endings ; — 

{a) In the eye ; — 

(1.) In cells, in the rods and cones of 

the retina, and in the cornea. 
(11.) In free ends in the cornea. 
{b) In the ear ; — 

(i.) In cells connected with the organ 

of Corti in the cochlea, 
(ii.) In free ends in the vestibule and 
semicircular canals. 
if) In the nose, in the cells, and in free 

ends. 
{d) In the tongue, also in cells and free 
ends. 

Nerve Endings in Muscle. 

I. In striated muscle, 

A nerve on passing to be distributed to a 
muscle breaks up within the muscle into its 
constituent fibres, which form plexuses, which 
become finer the more deeply they penetrate 
the substance of the muscle. Ultimately an 

F 
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^^H individual nerve-fibre ends in a single muscle 

^^H fibre. The primitive sheath of the nerve- 

^^H fibre becomes continuous with the sarco- 

^^V lemma of the muscle fibre, the white sub- 

1^^^ stance of Schwann stops short, while the axis 
cylinder, piercing the sarcolemma, becomes 

I spread out beneath it, forming a flattened 

^^^ expansion, around which is an aggregation 

^^H of granular protoplasmic material, with large 

^^H bright nuclei imbedded in it Where the 

^^^1 nerve-fibre thus ends in the muscle fibre a 

^^^1 slight elevation is produced on the side of 

^^^m the muscle fibre, which is called the nerve 

^^H eminetice (P. VI. Fig. 23}. 
^^^1 Beale, and others maintain that the ulti- 

^^H mate ramifications of the nerve-fibres do not 

^^H pierce the sarcolemma ; but they state that 

^^^1 the nerve-fibres form extremely delicate 

^^^1 nucleated plexuses, which ramify on, and 

^^H around the muscle fibres. Krause, again, 

^^H while describing the nerves as terminating 

^^H in an end plate, regards the plate as being 

^^H placed external to the sarcolemma 
^^H 2. /;/ tinstriated muscle. 
^^H The nerves which are distributed to un- 

^^B striated muscle are chiefly non^nedull^ed^ 



and their Strtuture. 6 7 

They form, in the first instance, coarse 
plexuses between the bundles of fibres, and 
from these more minute fibrils are prolonged, 
to form still more delicate intra -muscular 
plexuses between the individual cells. The 
terminal filaments of these plexuses have been 
traced into the nuclei of the muscle fibre cells. 

Sensory Nerves. 

Special endings — end bulbs, tactile cor- 
puscles, and Pacinian bodies ; resemble one 
another in that they each possess a capsule of 
delicate areolar tissue, within which is a core of 
soft, translucent material. They agree also in 
the fact that one or, in some cases, more nerve- 
fibres pass into the interior of each of them, 
and end in the core in a knobbed or twisted 
extremity. The Pacinian bodies, beside pos- 
sessing a delicate areolar capsule, have, in 
addition, an inner capsule, composed of a 
lamellar structure, which will be described 
more fully in speaking of those organs. 

End Bulbs (P. VI. Fig. 25). 

These bodies, as stated above, possess a 
delicate areolar tissue investment, which 
forms a distinct capsule. In the capsule are 
seen nuclei, oval in shape, which are placed 
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vertical to the axis of the end bulb. Occupy- I 
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ing the centre of the organ is a core, composed 

of soft, translucent material, in which small 

granules, which have the appearance of minute 

particles of fat, make their appearance when 

; exposed to the action of a solution of 

soda. On reaching the end bulb the primi- 

Ua'w sheath of the nerve fibre passes into, and 

■ becomes continuous with, the capsule of the 

' bodyitheTf/Hfejafe/rtz/irg of Schwann gradually 

disappears, while the axis cylinder, entering 

I the core, becomes twisted on itself, and ends 
at the near end of the core in a knobbed 
extremity. 
Where found. 
I. On the sclerotic conjunctiva. 
3. In the lips, tongue, and soft palate, 
where they are placed in papillae. 
3, On the glans penis. 
End bulbs are generally spherical in shape, 
and are about ■n^^'Ca of an inch in diameter. 
Tactile Corpuscles (P. VI. Fig. 23). 
These bodies possess a capsule and central 
core, which resemble in almost every particular 
those of the end bulbs. The nuclei in the 
capsule of the tactile corpuscles are arran| 
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transversely to the axis of the corpuscle. 
The nerve-fibre on arriving at the corpuscle 
winds spirally round it till it reaches the 
summit, where the primitive sheath becomes 
continuous with the capsule, the white sub- 
stance gradually ends, and the axis cylinder 
piercing the capsule ends in the top of 
the core. Tactile corpuscles are rather 
more oval in shape than the end bulbs, and 
are about ^^th of an inch in length and 
thickness. 

Where found, 

1. In the palms of the hands and soles of 
the feet, and to a less extent on their dorsal 
surface. 

2. On the nipple. 

3. On the glans penis. 

The papillae in which they are situate are 
usually devoid of blood-vessels, hence they 
are named tactile papillae, so as to dis- 
tinguish them from the ordinary papillae of 
the skin, or, as they are termed, the vascular 
papillce. 

Pacinian Bodies (P. VI. Fig. 26). 

Pacinian bodies differ from the two terminal 
organs just described, in that they possess in 
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addition to the external capsule and the cen- 
tral core, an inner capsule, which is composed 
of several lamella:, which encase one another 
like the coats of an onion. These lamella: 
surround the central core, and are com- 
posed of very fine elastic fibres, lined on their 
inner surface with a layer of flattened nucle- 
ated cells. Between the lameliE there is a 
certain amount of clear pellucid fluid. Paci- 
nian bodies possess a stalk or peduncle, by 
means of which they are attached to the 
nerve-fibre with which they are connected, 
and in this respect they differ from both the 
end-bulbs and tactile corpuscles. They are 
generally oval in shape, and are about ^th to 
^th of an inch in length. 
When the nerve-fibre reaches the Padnian 
P^body; the primitive sheath becomes con- 
Itinuous with the lamellae of the inner capsule, 
Ithe white substance ends in the peduncle, and 
■the axis-cylinder passes to the far end of the 
score where it ends in a twisted extremity. 

Where f maid. 

I. In the mesentery, especially that of the 

sat. 
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2. Attached to the branches of nerves in 
the hand and foot (P. VI. Fig. 24). 

3. On the nerves which are distributed to 
joints. 

4. On the periosteal nerves, 

5. On the intercostal nerves. 

6. On the pudic nerves, in the glans penis, 
and in the bulb of the urethra. 

7. On many of the cutaneous nerves of the 
upper extremity and neck, and on the infra- 
orbital nerve. 

The Sympathetic System. 

The sympathetic system of nerves consists 
of:— 

1. Two gangliated trunks placed on each 
side of the spinal column. 

2. Communicating branches which connect 
the sympathetic system with most of the 
cranial and all the spinal nerves. 

3. Branches of distribution, which consist 
of {pi) branches directly distributed in small 
plexuses; and {b) large plexuses with numerous 
ganglia. 

The two gangliated trunks extend from the 
base of the skull to the coccyx, resting on the 
transverse processes of the vertebrae in the 
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neck, on the heads of the ribs in the dorsal 
region, and on the sides of the bodies of the 
vertebne in the abdominal region, and ulti- 
mately unite at the coccyx to form the gang- 
lion tmpar. The trunk of the sympathetic 
consists of a scries of ganglia united by inter- 
vening nerve-fibres. In the sacral, lumbar, 
and dorsal region, the ganglia correspond to 
the number of vertebra: in each region ; but 
in the cer\'ical r^ion there are only three, 
these representing the fusion of several 
smaller ganglia. As r^ards the communi- 
cating branches, it may be stated that those 
which connect the sympathetic ganglia with 
the anterior divisions of the spinal nerves. 
consist of a non-medu!Iated fibre passing 
from the sympathetic to the spinal nerves, 
and of a raeduUatcd fibre which passes from 
the spinal nerves to the sympathetic. The 
branches of distribution, as stated above, con- 
sist, in the first instance, of primary branches, 
which pass off from the ganglionic chain or 
trunk of the nerve, and arc distributed in the 
form of small plexuses on the adjacent blood- 
vessels, glands, and other oi^ans. In the 
second case the branches of the sympathetic 
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are associated together to form large plexuses 
containing collections of nerve-cells. Three 
such plexuses exist : namely, th^ pre-vertebral 
cardiac plexus^ placed at the base of the heart. 
The pre-vertebral solar^ or epigastric plexus, 
placed around the coeliac axis. The pre-ver- 
tebral hypogastric plexus placed in front of 
the last lumbar vertebra. From these large 
plexuses branches are distributed to the 
thoracic, abdominal, and pelvic viscera. The 
nerves of the sympathetic system consist 
almost exclusively of the grey or non-medul- 
lated variety. 

Properties and Composition of Nerves, 
Nerve tissue contains a considerable quan- 
tity of water, varying from 70 per cent in 
the white to as much as 85 per cent in the 
g^ey substance. 

The chemical composition of the brain may 
be stated as follows : — 

IN 100 PARTS. 

Water 80 

Fats 5 

Albumins 7 

Extractives and salts . 8 
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The albuminous substances are chiefly de- 
rived from the axis cylinder and the proto- 
plasm of the cells, and they appear to be 
formed of a substance which is supposed to 
resemble fibrin and myosin ; it is, however, 
not soluble in dilute acids, or in a solution of 
potassium nitrate. The albumin of the me- 
dullary substance is soluble in dilute acids, 
and resembles casein. The salts, which form 
about 2 per cent, are composed chiefly of 
phosphates. The chief extractives are elastin, 
kreatin, leucin, xanthin, hypo-xanthin, lactic, 
and uric acids. Nerves, when in a state of 
rest, present a neutral or faintly alkaline re- 
action, but they become acid after death or 
on long- continued irritation. 

Uses of Ner^x Tissue. 

Nerve-fibres are capable of conducting im- 
pulses from the point to which a stimulus has 
been applied either towards the centre or to 
the periphery. Those which conduct towards 
the periphery arc called motor or effcrmt, and 
those which conduct towards the centre are 
called sensory or afferent nerves. Most of the 
spinal nerves arc mixed nerves : that is, they 
consist of both motor and sensory fibres, and 
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these, though associated together in the same 
nerve, are separate at their origin. Each 
spinal nerve arises by two roots — an anterior, 
which is motor ; and a posterior, which is 
sensory, and has a ganglion on it. In man, 
a sensory nerve impulse has been calcu- 
lated to travel at the rate of about 140 feet 
a second. 

Nerve-cells are either automatic, originating 
the stimuli which are conveyed to the efferent 
nerves ; or they are reflex centres, receiving 
a stimulus from a sensory nerve and trans- 
ferring it to a motor ; or to another sensory 
nerve. When an impulse passes through a 
nerve -cell a considerable augmentation of 
energy takes place. 
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CHAPTER VI L 

n of Masde — Pans of a Muscle — Micra- 
scofKcal appearances and stmcmre of 3iluscl^ 
Fihres, and FtbdHse — Cooneiion ot Fibres with 
their Tendons — Vascular Sapply — Serves and 
Lymphatics rf llnscks — Stracture of imstnated 
llosdc and af the muscoLir Fibre of the Heart — 
Physical properties and chiemical Composition of 
Muscle — The oses of tnuscnlar Tissoe- 

HUSCLE. 

Classotovtion of Muscle.— In speaking 
of mtiscle tissue we may classify it either 
histologically, and divide it into the striated, 
and unstriated, or phj'stologically, when it 
may be divided into the quick-contracting, 
and slow-contracting — the quick-contracting 
being represented by the striated, and the 
slow -contracting by the unstriated variety. 
Muscle is frequently classed under the heads 
voluntary and involuntary, the striated variety 
representing the volunlarj- and the unstriated 
the involuntary ; but this classification is mis- 
leading, as wc have the notable instance of 
the muscle of the heart, which is striated but 
involuntary, and the equally important ex- 
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oeption of the ciliar}^ muscle of the eye, 
which is unstriated but voluntar)'^ in its 
acdon. In birds the ciliary muscle is of the 
striated variety. 

Structure of Muscle.— The fibres of 

striated muscles are aggregated together to 
form distinct masses or muscles, which vzry 
much in size and shape. They terminate at 
each end in a tendon, — either abrupth* or by a 
process of gradual continuitj', — by which they 
are attached to the bones. The muscular 
fibres, which are made up of minute fibrils, 
are collected into bundles called fasciculi. 
The fibrils run parallel with one another in 
the fibres, and the fibres are parallel in the 
fasciculi. The fasciculi also are, as a rule, 
parallel with one another, although some 
convei^e towards the terminal tendon ; but 
in the ordinary skeletal muscles they do not 
anastomose. Every muscle is invested ex- 
ternally by a continuous sheath of more or 
less dense areolar tissue, which sends in pro- 
cesses between the fasciculi or bundles of 
fibres, by means of which they are associated 
together to form the muscle (P. V. Fig. 18). 
Finer prolongations of the sheath, entering 
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the fasciculi, pass between the individual 
fibres, but they do not completely surround 
them. Besides connecting the fibres and fas- 
ciculi together, the prolongations of the sheath 
afford support to the nerves and vessels which 
ramify in the muscle substance. 

Microscopical AppearancesandStruc- 
TURE OF THE FIBRES.— When a specimen of 
skeletal muscle is examined under the micro- 
scope the fibres are seen to be of a yellowish 
red colour, and possess well-marked trans- 
verse striations and less well-marked longi- 
tudinal ones (P. V. Fig. 21). Each fibre is 
invested by a yellowish membrane called the 
sarcotemma, which possesses the physical and 
chemical properties of yellow elastic tissue, 
and is sufficiently tough to allow of the in- 
cluded muscle substance being ruptured with- 
out being itself injured. Situate on the 
surface of the muscle fibre, but placed be- 
neath the sarcolemma, are some clear oval 
nuclei, around each of which is a certain 
amount of granular protoplasmic material. 
These play an important part in taking up 
nutrient material from the adjacent blood- 
vessels, and preside over the growth and nu- 
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trition of the muscle. Kolliker has set down 
the diameter of muscle fibres as varying from 
y^th to x^th of an inch. The fibres rarely 
exceed one inch and a half in length. The 
fact that in examining striated muscle fibres 
under the microscope, longitudinal as well as 
transverse striations were observed, tells us 
that each fibre is again split up into fibrillae, 
a bundle of fibrillae surrounded by the sar- 
colemma constituting a muscle fibre. 

Structure of Muscle Fibrils.— The 

study of the structure of the ultimate muscle 
fibrils is surrounded with great difficulty, and 
their exact structure has not yet been accu- 
rately determined. When examined under a 
high power, they appear to be made up of a 
number of dark quadrangular particles with a 
light intervening substance — these constitute 
the sarcous elements of Bowman. The two 
kinds of particles possess different refractive 
powers ; the dark particles, according to 
Briicke, being doubly refractive, while the 
light substance only refracts light singly. 
According to Engelmann the fibres of muscle 
when fresh are transparent; and the appear- 
ance of superimposed disks are due to a kind 
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of coagulation which takes place, the advent 
of which is hastened by the addition of any 
reagent. The alternate arrangement of the 
dark and light particles gives the muscle 
its transversely striated appearance. The 
light particles in each fibre are crossed by 
little septa, described by Krause and called 
Kraus^s membranes. As these septa cross 
adjacent fibrils at the same level they run 
across the whole fibre, and appear to be 
firmly attached to the under surface of the 
sarcolemma. On either side of each mem- 
brane is a thin layer of light single refractile 
substance, to which the name lateral disk has 
been given. In the lateral disks, on either 
side of Krause's membrane, is a row of dark 
granules. Hensen has described a light band 
as crossing the dark particles, this has been 
termed the middle disk of Hensen ; its pre- 
cise nature has not yet been clearly made 
out. Schafer takes another view of the 
structure of muscle ; he describes a muscle 
fibre as being composed of a number of rod- 
like particles, which he calls muscle rods, 
placed side by side in the long axis of the 
muscle, with a certain amount of cement or 
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ground-substance between them. The rods 
traverse the dark particles, and terminate in 
knobbed extremities in the light substance ; 
and the 'row of dark granules, described as 
being seen in the light substance on either 
side of Krause*s membrane, are formed by 
the knobbed extremities of these rods. If a 
muscle fibre be treated with diluted hydro- 
chloric acid for some time, it will be seen to 
split transversely into disks ; this is due to 
the fact that the dark particles are less easily 
acted on by hydrochloric acid than the light 
ones, so that they can be separated from 
them by this reagent. So a muscle fibre can 
be separated not only longitudinally into 
fibrillae, but also transversely into disks. 

Connexion of Fibres with Tendons, — There 
has been considerable difficulty in deter- 
mining the exact mode of connexion of 
muscle fibres with their tendons ; but there 
seems to be little reason to doubt that they 
are connected with their tendons in one of 
two ways — either by direct continuity, the 
fibres of the muscle gradually passing into, 
and becoming continuous with the fibrous 
tissue of the tendon ; or indirectly^ by the 

G 
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bundles of muscle fibre fitting into depres- 
sions in the tendon, the investing sheath of 
the muscle gradually becoming continuous 
with the fibrous tissue of the tendon. This 
last mode of termination is usually observed 
in those muscles — as the Gastrocnemius for 
instance — in which the fibres end obliquely 
in the tendon. 

Vascular Supply. — Muscles are, as a rule, 
well supplied with blood. When an artery 
goes to a muscle it breaks up into branches, 
which grow finer, and are more closely 
placed together the more deeply they pass 
into the substance of the muscle. As they 
ramify around the fasciculi and between 
the fibres, they are supported by the pro- 
_cesses of the investing sheath mentioned 
above. The branches of the vessels having 
undergone exceedingly minute subdivision, 
ultimately form fine longitudinal meshed 
capillary networks, which surround the indi- 
vidual muscle fibres ; but no vessels pierce 
the sarcolemma to ramify in the substance 
of the muscle, the muscle substance proper 
deriving its nutrition from the adjacent vas- 
cular plexuses by a process of imbibition, in 
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which the oval nuclei, previously described, 
are, in all probability, actively engaged. Lym- 
phatics exist in considerable quantity in the 
tendons and sheaths of muscles, and also in 
the fibrous septa which pervade the muscle 
substance. Nerves are to be met with in all 
the skeletal muscles, and their mode of termi- 
nation within them has already been described 
in the chapter on nerve tissue when speaking 
of the peripheral terminations of nerves. 

Unstriated Muscle (P. V. Fig. 20). — 

Unstriated or plain muscle, as it is sometimes 
termed, is made up of bundles of fibres or 
fasciculi, the size of which varies in different 
localities. When the bundles of fibres have 
been teased out with needles, or exposed for 
a time to the action of dilute acid, they can 
be readily separated into elongated cells, 
called by Kolliker contractile fibre cells. They 
are thick in the middle and taper towards 
either end ; they possess a well-marked nu- 
cleus ; and in the interior of the cell a 
granular material is observed in the neigh- 
bourhood of the nucleus, which extends to- 
wards the ends of the cells. Very frequently 
faint longitudinal striations traverse the sub- 
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stance of the cells. The size of the cells 
s considerably; their breadth is about 
TTOir of an inch and their length from -^ to 
jJtt of an inch. They possess no sarcolemma. 
Besides being associated together to form 
fibres and fasciculi, they are often met with 
either singly or united with a variable amount 
of other tissues. Un striated muscles are 
generally supplied by the sympathetic system 
of nerves. 

Where Found. 

1. In the lower half of the gullet, in the 
stomach, and the whole of the intestinal canal 

2. In the middle coat of arteries, and the 
middle coats of many of the larger veins and 
lymphatics. 

3. In the bladder and ureters, and in the 
ducts of the larger glands generally. 

4. In the uterus and its appendages. 

5. In the gall-bladder. 

6. In the Corpora Cavernosa of both sexes 
and in the prostate gland. 

7. In the dartos tunic of the scrotum. 

8. In the trachea and bronchial tubes. 

9. In the muscles attached to the hair 
follicles. 
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, In the ciliary muscle and iris. 

II. Throughout the skin generally. 

Muscular Tissue of the Heart. 

The heart muscle seems to occupy an 
intermediate place between the striated and 
unstriated muscular tissue. The fibres pos- 
sess transverse stride, which are not so well 
marked and less regular than those seen in 
ordinary skeletal muscles. The diameter of 
the fibres is also less. The fibres possess no 
sarcolemma, and they appear to be made up 
of irregularly quadrilateral cells, which are 
frequently forked at one extremity, and often, 
also, send out lateral offsets. Occupying the 
centre of the cell is a well-marked nucleus, 
and the substance of the cell, in some cases, 
presents a faint longitudinal striation. The 
muscular fibres of the heart freely divide and 
anastomose, the lateral prolongations of the 
cells causing them to adhere firmly together. 

Composition of Muscle. 

Muscular tissue contains between 70 and 
80 per cent of water. If a piece of muscle 
be frozen and then reduced to a pulp, mixed 
with a salt solution, and cast on a filter, a 
weakly alkaline or neutral fluid is obtained, 
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which is called the muscle plasma. This fluid 
soon undergoes coagulation and separates 
into a solid portion, called myosin, and a 
fluid serum. Myosin is an albuminous body 
soluble in salt solution. The addition of 
weak acids readily dissolves it, but in doing 
so converts it into syntonin or acid albu- 
men. Muscle serum, which at ordinary 
temperatures quickly acquires an acid re- 
action, contains a quantity of albumen, of 
which Kiihne describes two varieties, the one 
coagulating at a temperature of 450 C, and 
the other, which is more abundant, which 
coagulates at 75° C. The serum also holds 

I in solution certain extractives as kreatin, 
xanthin, uric acid, sugar, glycogen, inosite, 
an unfermcntable sugar from the tissue of 
the heart, salts, and colouring matter. The 
following table of the composition of muscle, 
after Kiihne, is taken from Ralfe's Physio- 
logical Chemistry : — 



Water : 

Solids ■■■ ... ■ 

Albuminous substances in- 
soluble in water, as myosin, 
sarcolemma, nuclei, &c. ... 
Alkali albuminate 
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The reaction of muscle when at rest is 
neutral, or faintly alkaline, but it becomes 
acid when it passes into a state of activity, 
and also during rigor mortis. 

Uses of Muscular Tissue. 

Muscular tissue is that by means of which 
the various active movements of the body are 
produced. Its fibres possess the power of 
contracting, or shortening, under the influence 
of certain stimuli, which are capable of calling 
into play the property of contractility they 
possess. This property of muscle, to shorten 
or contract, is made use of in the most varied 
manner ; and it is by means of the associated 
action of various groups of muscles that we 
are able to accomplish, not only such obvious, 
though highly complex, muscular actions as 
locomotion, respiration, and expression, but 
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also the more delicate and subtle ones, as 
those, for instance, by means of which we 
are able to perform the complex movements 
of the eyeballs, or to produce the various 
modifications of voice and speech. 
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CHAPTER VIIL 

General characteristics of Epidielxiim — ^Tlie several 
Taiieties of Epithennm and their Histology ; the 
positions in idiich they occur — Uses of the Ept-- 
tfadia. 

EPITHELIUM. 

General Characteristics. 

Epithelium is met with covering the sur« 
face of the skin and mucous membranes^ and 
lining the ducts of glands as well as their 
terminal alveolL In some cases it exists in 
many layers, and in others in only a single 
layer. It consists of cells, which vary much 
in shape and size, and are connected with 
one another by a kind of cement or ground 
substance, which is very slight in amount 
The cells usually possess a well -marked 
nucleus, which is very large in comparison 
with the size of the cell, and one or more 
nucleoli. Epithelium is devoid of blood- 
vessels, and depends for its nutrition upon 
the vessels of the membrane on which it is 
placed. When the cells are arranged in 
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several layers the epithelium is said to be 
stratified. In such cases the deeper cells, 
which are placed nearest the vascular mem- 
brane, are generally oval in shape, and they 
differ physically and chemically, as well as 
in form, from those of the superficial layers; 
for the deeper cells are soft and readily 
affected by weak acids, the superficial cells 
being hard and horny in many cases, and 
not readily affected by these reagents. The 
intermediate layers of cells are irregularly 
spherical in shape, and, in fact, present a 
transitional form between the deep oval cells 
and the superficial scaly ones ; the name 
transitional epithelium is sometimes given to 
these intermediate forms of epithelial cells. 
Thus in the stratified epithclia the cells 
undergoing considerable modifications gradu- 
ally come to the surface, where they are cast 
off by desquamation. Fine nerve plexuses 
have been seen between the epithelial cells 
both in the skin and in the cornea. In 
some cases the terminal filaments of the 
nerves have been traced into the epithelial 
cells themselves. This continuity of the 
nerves with the epithelial cells has been 
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observed in the cells occupying the alveoli 
of some of the secreting glands, and in the 
cells of the rete mucosum in the skin* 

Varieties of Epithelium, 

The cells of epithelium are variously modi- 
fied according to the situations in which they 
are placed, and the functions they have to 
perform. 

Four chief varieties of epithelium are dis- 
tinguished, namely : — 

1. Squamous, scaly, tesselated, or pave- 
ment epithelium. 

2. Columnar epithelium. 

3. Spheroidal or glandular ; 

4. Ciliated epithelium. 

I. Squamous Epithelium (P. VI I. Fig. 27). 

The cells of squamous epithelium are 
flattened into plates or scales. They gener- 
ally possess a well-marked nucleus, which is 
large in comparison with the size of the cell, 
and the nucleus contains one, sometimes two 
nucleoli. The interior of the cells contains a 
number of faintly marked granules irregu- 
larly scattered about. The outline of the 
cells is exceedingly irregular, and they vary 
from xxrW^'^ ^^ j^^h ^f ^" ^^^ ^^ diameter. 
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^^H Where Found. 

^^H Arranged in several layers it is found :— 

^^H t. Forming the epidermis. 

^^H 2, Lining the mouth, pharynx, and ceso- 

^^H phagus, the conjunctiva, the vagina, and the 

^^H orifices of the urethra and anus. 

^^P 3. As a single layer it is met with in the 
pulmonary vesicles, in the Malpighian cap- 
sules of the kidney, and in the rete testis. 

4, Lining the interior of the heart, blood- 
vessels, and lymphatics, and also the serous 
and synovial sacs, is a single layer of flattened 
cells, the outline of which can be readily 
rendered apparent by treating them with 
nitrate of silver. The name given to this 
form of epithelium is endotlielium (P. VIL 
Fig. 30). It differs from epithelium in being 
developed from the mesoblastic layer of the 
embryo, and in the fact that it always exists 
as a single layer. 
2. Columnar Epithelium (P. VIL Fig. 

28). 

This variety of epithelium consists of 
cylindrical cells, which possess a large oval 
nucleus ; they are about -jJnth of an inch in 
length, and are set upright on the surface 
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they cover. The nuclei of the cells are very 
distinct, and the interior of the cells is faintly 
granulated. The broad end of the cells is 
usually free, while the thin tapering ex- 
tremity, which is often cleft into two, is in 
contact with the membrane they cover. 
When the cells exist in several layers, as in 
the epithelial lining of the trachea, the deeper 
ones vary much in appearance, and differ 
greatly from the typical columnar cells. 
Where Found, 

1. Beginning abruptly about an inch above 
the cardiac orifice of the stomach, it lines the 
mucous membrane of that viscus, and that of 
the alimentary canal as far as the anus, as 
also the ducts of the glands that open on its 
surface. 

2. It is found in the ducts of all glands, 
and is frequently called duct epithelium on 
that account. 

3. It lines the mucous membrane of the 
uterus, and is also met with in the deep cells 
of the epithelial lining of the trachea and 
oviducts. 

3. Spheroidal Epithelium (P. VII. 
Fig. 29). 



The Tissues 



^B 94 

^^H These cells are usually spherical in shape, 
^^H though they may be rendered polygonal by 
^^V mutual pressure. This substance is usually 
^^H granular, and they possess a well-marked 
^^^ nucleus, and nucleolus. They have been seen 
to execute spontaneous movements, and are 
capable of gliding over one another, and 
so changing their position without becoming 
detached. 

I Where Found. 

This form of epithelium is found in all 
secreting glands, hence it has been called 
glandular or secreting epithelium. Because in 
its typical condition it is round in shape it 
has been called spluroidal epithelium, and on 
account of the granular appearance its ceils 
possess, it has sometimes received the name 
ai granular epithelium. 
4. Ciliated Epithelium (P.VII. Fig. 31). 
The cells of this variety vary much in form, 
but they are generally cylindrical, though in 
some few instances they are spherical in 
shape. When they are cylindrical they 
resemble in all their chief characteristics the 
ordinary columnar cells ; their nucleus and 
nucleoli are well marked, the cell-substance 
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is finely granular, and they are attached by 
their pointed extremities to the membrane 
they cover. Their basal border is surmounted 
by a tuft of minute cilia or hair-like processes 
of the protoplasm of the cell. These cilia 
vary much in number, some cells possessing 
only two or three, while others possess as 
many as fifty. The basal border of the cells, 
where these cilia spring, usually presents a 
bright appearance. The smaller ends of 
the cells differ from those of the ordinaiy 
columnar cells in that they are almost always 
bifid. When the ciliated cells are spherical 
in shape, only that aspect of the eel! which 
forms part of the general epithelial surface is 
furnished with cilia. These cilia are continu- 
ally executing a peculiar lashing vibratile 
movement, which lasts during life, and for 
some time after death. When a specimen of 
ciliated epithelium is examined under the 
microscope these cilia are seen to execute 
this movement in rapid succession — they all 
appear to bend, or bow, synchronously, and 
then partially to recover themselves, only to 
bend again, and the appearance thus pro- 
duced has been described as similar to that 
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produced by the wind when it passes over a 
field of corn. When, however, their motion 
is very rapid, and their partial recovery from 
the preceding wave cannot be observed, their 
motion possesses the appearance of swiftly 
running water. The length of the cilia varies 
from about jctni'h to Ej\nrth of an inch. 
The cause of the movement of the cells is 
unknown, but it seems to have for its object 
the propulsion of secreted fluids along the 
surface towards the orifice of the part they 
cover, as is the case in the trachea and sinuses 
of the nose. 
Where Found. 

1. In the uterus from the middle of the 
neck to the fimbriated extremities of the 
Fallopian tubes. 

2. In the testicle from the commencement 
of the vasa efferentia to the beginning of the 
vas deferens. 

3. Scattered throughout the central canal 
of the spinal cord, and in the ventricles of 
the brain. 

4. In the respiratory tract and its pro- 
longations. The ciliated epithelium begins a 
little distance inside the nostril, and then 
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covering the whole of the membrane of the 
nose, except that part which is especially 
devoted to the sense of smell ; it is prolonged 
into the antrum and into the ethmoidal and 
sphenoidal sinuses, and through the lachrymal 
duct into the lachrymal sac. From the 
upper and back part of the nose it passes 
back over the upper part of the soft palate 
and pharynx, and is prolonged up the Eusta- 
chian tube into the tympanum, the floor of 
which it lines. The rest of the pharynx is 
covered by squamous epithelium ; but the 
ciliated epithelium begins again a little above 
the epiglottis, and lines the larynx, trachea, 
and the bronchi as far as the pulmonary 
vesicles. The pulmonary vesicles are lined 
by a single layer of non-ciliated flattened 
epithelial cells. The ciliated epithelial cells 
in the ventricles of the brain and in the 
tympanum, in the human subject, are of the 
spheroidal variety. 

General Uses of Epithelium. 

One of the chief functions of epithelium is 
that of protection : it is protective in the skin 
where it covers the delicate nerve endings, or, 
as has been pointed out, in some cases actu- 

H 
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ally receiving the terminations of the nen'e 
filaments into the interior of its cells. Be- 
sides affording mere mechanical protection it 
appears to possess the function of converting 
what otherwise would be a sense of pain into 
tactile and temperature sensations. In the 
horny layer of the epidermis it is protective 
in another sense, as here, owing to its non- 
absorbent power, it prevents the skin ab- 
sorbing, so long as the epidermis is intact, 
poisonous or noxious materials. It is also 
protective in the ciliated form where it pro- 
pels particles towards the orifices of the body. 
Epithelium lines also the sensorial surface of 
the eye, ear, nose, and mouth, and forms the 
medium by which the various stimuli which 
affect these organs reach the delicate nerve 
endings and are conveyed to the brain. 
Then again, epithelium possesses the func- 
tion of secretion, that is, of chemically trans- 
forming certain materials of the blood. In 
some cases the substance of the epithelial 
cells is differentiated into the secretion of the 
gland they occupy. The cell substance of 
the epithelial cells of the intestine is, for 
instance, discharged, by the rupture of their 
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capsules, as mucus. As stated abovCj the 
epithelial cells, while constantly being re- 
newed by the division of the deeper cells, 
are at the same time being cast off from the 
free surface. 
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CHAPTER IX. 

BLOOD. 

General Characters of the Blood^lts Microscopical 
Appearances — The Parts of the Blood— Histology 
of the white and red Corpuscles — Properties 
and Composition of the Blood — Function of the 
Blood. 

In the preceding description, the tissues 
have been considered as belonging either to 
the active or the passive tissue group. This 
tissue fills a totally distinct position, and its 
chief features possess rather a physiological 
than a histological interest. Blood is, histo- 
logically, the simplest form of tissue, con- 
sisting of cells embedded in a fluid matrix. 

Microscopical Appearances {V. VIII. Fig. 32]. 

When examined under the microscope, 
in the living vessels, blood is seen to consist 
of a transparent, colourless fluid known as the 
liquor sanguinis, and a number of minute solid 
particles suspended in it called the corpuscles. 
These corpuscles are of two kinds, the coloured 
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and the colourless ; or, as they are sometimes, 
but less properly, called, the red and the white. 
The coloured corpuscles are nearly spherical 
in outline ; but as most of them possess a 
shallow depression on both surfaces, they are 
really biconcave disks. 

Histology of the Coloured Cor- 
puscles. 

The coloured corpuscles consist of a highly 
elastic framework or stroma, the meshes of 
which are occupied by a semi-fluid colouring 
matter, which appears to be in physical 
rather than chemical combination with the 
corpuscles, and which is readily separated 
from them by means of reagents. If placed 
in water, for instance, the colouring matter is 
dissolved out and the stroma becomes colour- 
less, though at the same time it swells up 
owing to the imbibition of fluid. This 
colouring matter is the hcemoglobin. The 
highly elastic nature of the stroma enables 
the corpuscles to alter their shape on the 
slightest pressure, and so adapt themselves 
to the varying size of the vascular channels 
through which they have to pass, as may be 
seen when the circulation in the living vessels 
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is observed in some transparent part, as the 
web of a frog's foot. The elastic nature of 
the stroma also enables them readily to 
recover their original form. Sometimes the 
corpuscles vary in shape, but these variations 
are due generally to the changes which take 
place in the blood after it has been withdrawn 
from the body, or they may be brought about 
by the action of reagents. 

Thus, when the corpuscles are exposed 
to the action of water, they at first be- 
come flattened and then doubly convex, ulti- 
mately becoming globular and much dimi- 
nished in size. When a dilute solution of 
chloride of sodium is added to the corpuscles, 
their surface becomes beset with minute 
processes, so that they resemble somewhat 
the fruit of the horse-chestnut in appearance. 
When the corpuscles are treated with a two 
per cent solution of tannic acid, some portion 
of the circumference of the corpuscle appears 
to give way, and the coloured contents of the 
corpuscle protrude in a little knob from its 
surface. 

Besides varying in shape, the coloured 
corpuscles also vary much in size. Even in 
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the same specimen of blood, corpuscles vary- 
ing from TTTOTrth to asooo ^h of an inch in 
diameter, may be observed ; the average size 
is, however, according to Todd and Bowman, 
about ^wT^th of an inch in diameter. The 
size of the corpuscles also varies greatly in 
the different species of animals (P. VIII. 
^^Z' 33)- The largest corpuscles are met 
with in the amphibia, that of the proteus 
being ^irrth of an inch in length and rlrth 
of an inch in breadth, while the smallest are 
those of the musk deer^ which are less than 
12000 th of an inch. The corpuscles of birds, 
though larger than those met with in the 
mammalia, do not vary much in size. As 
regards the corpuscles of mammalia, they are 
smaller in the quadrupeds than in man, with 
the exception of the elephant, which pos- 
sesses the largest corpuscles as yet met with 
in any mammalian, being ayVo^h of an inch 
in diameter. 

When the blood is examined while it is 
circulating, it is seen that in the larger 
capillaries, and in the small arteries and 
veins, which are sufficiently large to allow 
of the passage of several corpuscles abreast, 
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^^B the coloured corpuscles, while separated from 
^^r one another, occupy the middle of the vascular 
P channel. When, however, the blood is with- 

I drawn from the vessels, the coloured corpuscles 

I show a great tendency to adhere to one 

another. They generally cohere by their 
flattened surfaces ; and when a number of 
them are aggregated together, they give rise 
to the appearance as of piles or rouleaux of 
coins, and these piles or columns of corpuscles 
often unite together to form an irregular net- 
work. When thus adherent, the corpuscles 
will resist, to a great extent, any attempts 
which may be made to separate them ; but 
if left alone, after a time they separate from 
one another spontaneously. This tendency 
of the corpuscles to adhere together is more 
especially marked in inflammatory blood, 
and materially hastens the descent of the 
corpuscles in the plasma, thus facilitating 
the production of the buffy coat. 

The number of coloured corpuscles is 
about five millions to one cubic millimetre. 
The proportion of coloured corpuscles is 
increased under any circumstances, which 
cause a diminution of the fluid part of the 
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blood, The coloured corpuscles, when seen 
singly, are of a faint yellow colour ; and it is 
only when they are aggregated together in 
considerable numbers, that they give rise to 
the deep red hue which gives the blood its 
characteristic appearance. 

Histology of the Colourless Corpuscles. 

The colourless corpuscles are generally 
spherical in form ; but as they are capable 
of undergoing amceboid movement, their 
outline is necessarily liable to great varia- 
tions. They resemble lymph corpuscles and 
pus cells ; and though they vary in size to 
some extent, they are, as a rule, larger than 
the coloured corpuscles, their average dia- 
meter being about ; ^ o ^h of an inch. They 
differ much less in size and appearance in 
different animals than the coloured corpuscles. 
They are much less numerous than the 
coloured corpuscles, the proportion being 
about two or three colourless to one thou- 
sand coloured ones. In venous blood, 
however, the proportion of colourless to 
coloured corpuscles is much greater, and 
this is especially the case in the splenic 
vein ; there being about one colourless cor- 
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pusde to two thousand coloured ones in the 
splenic artery, while in the splenic vein the 
proportion has risen as high as one colour- 
less corpuscle to sixty or seventy coloured 
ones. 

Their numbers vary greatly with the amount 
and nature of the food taken, and they are 
said to become more numerous after a meal, 
especially an albuminous one, and to diminish 
again on fasting. They have no tendency to 
adhere to one another, and are specifically 
lighter than the coloured corpuscle ; and this 
has been assigned as the cause of their 
remaining in the upper part of the clot 
during coagulation, while the coloured cor- 
puscles sink to the bottom. They possess 
the power of taking into their interior 
foreign particles with which they may come 
in contact ; and this property has been made 
use of as a means of demonstrating another 
peculiar property they possess, namely, that 
of migrating from the vessels into the adjacent 
textures, for by injecting coloured particles 
into the blood, which have been taken up by 
these corpuscles, their presence has been 
clearly shown in non-vascular tissues, such as 
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cornea. The protoplasm forming the 
\y of the colourless corpuscles is traversed 
by a network of fine fibrils, which forms what 
is called the intra-celhilar network, and in the 
meshes of this network a clear interstitial sub- 
stance has been observed. These corpuscles 
usually possess more than one nucleus, which 
can generally be made apparent by the addi- 
tion of acetic or other dilute acids. In some 
cases the protoplasm of the cells is finely 
granular throughout, while in others the 
granules are less numerous, though larger and 
more strongly refractile. These cells possess 
no definite cell-wall. On the addition of 
water the amceboid movements of the corpu- 
scles cease, the nuclei coalesce, and the cell 
ultimately bursts and discharges its contents. 
Electricity causes them to become spherical 
and checks their amoeboid movement, but 
this begins again on the cessation of the 
stimulus. 

Properties and Composition of Blood. 

The blood is a thick fluid alkaline in re- 
action, possessing a saltish taste and with a 
specific gravity, which varies from i'050 to 
l"o6o, the average being I'O^S. It is of a 
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bright scarlet colour in the arteries, but in the 
i of a deep purple hue. The funda- 
mental difference between venous and arterial 
blood consists in the relative proportion of 
the oxygen and carbonic acid gases contained 
in each. The proportion of oxygen being 
greater in arterial than in venous blood. The 

I gases of the blood are oxygen, carbonic acid, 
and nitrogen. About 50 or 60 volumes of 
the gases collectively can be obtained from 
100 volumes of blood. The average compo- 
sition of the gas obtainerl from 100 volumes 
of blood may be set down as follows : — 
A, 
atx 
in 
wa 
CS[ 
cer 
piu 
Th 



Qxyssn- Carftntic acid, Nitrogen, 

Qd zo vols. 39 vols. I to 2 vols. 

3d 8(oi2vob. 46 vols, i to 2 vols. 

(Foster.) 

The temperature of the blood is generally 
about lOCP F., but it varies considerably 

different parts of the body, becoming 
warmer as it traverses the internal organs, 
especially the liver, muscles, and the nerve 
centres, but being cooled somewhat as it 
passes through the capillaries of the skiD. 
The quantity of water present in the 1 
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I also varies greatly. It is increased when a 

I quantity of fluid is taken, and when the 

organism is deprived of solid food. It is 
diminished by exercise and excessive action 
of the skin and kidneys. The fcetal blood 
is said to contain less water than the 
maternal. 

Blood has a peculiar odour, and it is said 
that it is possible to tell the animal from 
which a particular specimen of recently drawn 
blood is derived by the distinctive odour it 
possesses: the well-known odour of the pig 
and the cat, and the milky odour of the cow, 
being readily detected in the blood of these 
animals. When blood is withdrawn from 
the body it becomes sticky, and exhibits a 
marked tendency to cling to the vessel in 
which it is placed. This stage, which is 
known as the viscid stage, lasts from one to 
three minutes, it then passes into the jelly 
stage; and during this stage, if the vessel in 
which it is contained is inverted, and the clot 
shaken out, it will be seen to have taken a 
complete mould of the vessel it occupied. 
This stage lasts from three to eight minutes. 
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Little beads of moisture now gradually make 
their appearance on the surface of the clot, 
and these gradually coalescing the surface of 
the clot is covered by a thin layer of straw- 
coloured fluid. The fluid now gradually ap- 
pears between the sides of the clot and the 
wall of the vessel, and ultimately between 
the under surface of the clot and the bottom 
of the vessel, so that the clot floats in the 
straw-coloured fluid or serum which has been 
expressed from it. This last stage, the con- 
traction of the clot and the separation of the 
serum, may go on for from twenty-four to 
forty-eight hours after coagulation has first 
set in. From this brief description it will be 
seen that, during the process of coagulation, 
the fluid part of the blood or liquor sanguinis 
separates into two parts; namely, into a firm 
solid part the fibrin, and a pale yellowish fluid 
the serum. When a considerable quantity of 
fibrin has become developed it undergoes 
contraction, and, involving the corpuscles in 
its meshes, it forms the firm part of the clot 
from which the serum is gradually expressed, 
as described above. The relation between 
the constituents of the blood in the liquid and 
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coagulated states maybe represented in the 
following way: — 

Liquid Blood. 



Liquor Sanguinis. Corpuscles. 



Serum. 



Coagulated 
Blood. 



Fibrin. 



It is very difficult to obtain any exact 
knowledge of the composition of the liquor 
sanguinis, as it is constantly undergoing 
changes from the time when it is first with- 
drawn from the body. The composition of 
the blood, in looo parts, is well given by 
Ralfe in his Physiological and Pathological 
Chemistry, 

Water 795 



Solids . 

Fibrin . 
Albumins 
Haemoglobin 
Fatty matters 
Extractives . 
Inorganic . 



205 

2 

70 
120 

2 

3 

8 



The mean composition of the venous blood 



I of the horse has been set down by Hoppe- 
I Seyler as follows: — 

In loo Parts Blood. 
isma. . 67-38 Blood Corpuscles 32'62 



IniOQ Paris Corpuscles. 
Water .... s6'So 
Solids .... 43-50 

100 Parts Dry Corpuscles. 
Albumins . .12-55 
HEemoglobin . 86-50 
Lecithin . . 0-59 
Cholesterin 0-36 



In 100 Paris Plasma. 

Water . . 90-84 

Solids . . 9*16 

I Rilatvve Proportion of the 

'Fibrin . . 
Serum Albumin 7-76 
Fats . . . 
Extractives . 
Soluble Salts . 0-64 
Insoluble Salts. 
As stated above, the stroma of the coloured 
I corpuscles is pervaded by a coloured material 
I called hamoglobiti. It is an albuminous com- 
pound, and has the following approximate 
composition : — 

Carbon 54-0 

Hydrogen 7-25 

Nitrogen 
Oxygen 

Sulphur 0-63 .j 

Iron . 



and their Structure. 



^ 



Htcraoglobin differs from albumin, to which 
it is allied in chemical composition in its 
power of crystallising, and in the affinity it 
has for oxygen and some other gases. The 
crystals of hemoglobin, with the exception 
of those of the squirrel, which are hexagonal, 
are formed upon the rhombic system, the 
forms varying in different animals. In man 
the crystals consist of four-sided prisms, with 
dihedral summits; in the guinea-pig the 
crystals are tetrahedral ; and in the cat and 
dog they are needle-shaped, terminated by 
one plane surface. The crystals of haemo- 
globin are soluble in water and in alkaline 
solutions, but insoluble in alcohol, chloroform, 
ether, fatty oils, benzole, turpentine, and car- 
bon disulphide. When heated, haimoglobin 
solutions coagulate, and the haemoglobin itself 
breaks up into Immatin and globulin, yielding 
about 4 per cent of the former to 96 of the 
latter. The ash of blood shows a great excess 
of sodium over potassium salts, and of the 
chlorides over the phosphates, this being the 
opposite of what is found in muscle ash. 

Functions of the Blood. 

The blood is an all-pervading tissue, per- 
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meating every organ and texture of the body. 
From it the tissues withdraw the materials 
required for their nutrition, which exist ready 
formed in the blood, or are capable of pro- 
duction by a process of chemical transforma- 
tion. Into it also the tissues pass their eflfete 
materials, and it forms the medium by which 
they are conveyed to the organs which are 
set apart for their elimination. It conveys, 
through the agency of its coloured corpuscles, 
the oxygen taken up at the lungs to the tissues 
of the organism, and in like manner returns 
to the capillaries of the lungs and skin, there 
to be expelled, the carbonic acid, which is the 
outcome of the action of the oxygen on the 
tissues of the body. The consideration of its 
physiological uses must be further studied in 
the physiological text-books. 
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Periosteum, 35 

Intermediary lamellae, 33 

Haversian spaces, 33 

Ultimate structure of lamellae, 33 

Perforating fibres of Sharpey, 33 

Compact, 34 

Spongy, 34 

Vascular supply of, 35 

Nerves of, 36 

Lymphatics of, 36 

Physical properties of, 36 

Chemical composition of, 37 

Development of, 38 

Growth of, 40 

Uses, 42 
Budding, 4 



Index. 

Canaliculi, 31 
Cartilage, 7 

ClasificatioQ of; 21 

Tcmporaiy cellular, 23 

Temporaiy hyaline, 22 

Perichoiidriuni, 23 

Costa.1, 24 

Vascular supply o^ 25 

White fibro, 26 

Yellow fibro. 2S 

Of external ear, 28 

Of Eustachian tube, a8 

CompositioD o^ 29 
Cell genesis, 4 
Cell v^etable, 2 

Animal, 3 
Cellular shealh of a nerve, 59 
Chondrin, zc» 
Ciliated epitheiinm, 95-97 
Classification of muscle, 76 

Tissues, 7 
Colpured corpuscles, lol 
Colourless corpuscles, 105 
Columnar epilhelium, 92, 93 
Compact bone, 34 
Composition of bone, 37 

Blood, 107 

Dentine, 4; 

Enamel, 4& 

Muscle, 85 

Nerves, 73 
CoEDexioD of muscle with tendons, i 
Crusta pelrosa, 47 

Development of, 49 

Dentine, 44 

Properties and composition of, 4] 
DenlilloD (permanent), Jo 
Development of bone, 38 

'~""" petrosa, 49 



Teeth, 47-49 
Elastic tissue, 7-1 



Inde^, 117 

Elastin, 10, 30 

Elementary cells (production of), 3 

Enamel, 46 

Properties and composition of, 46 
End bulbs, 67 

Endogenous reproduction, 4 
Endosteum, 34 
Endothelium, 92 
Epithelium, general characters of, 89 
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Tissue, structural elements of, 52 
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Nodes of Ranvier, 55 
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Neurilemma, jS 
Cellular sheath of, 59 
Cells. 59 
Gar;glia, 61 

Connexion with cells, 62 
Peripheral terminations of, 64 
Endings in striated muscle, 65 
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Sympathetic system of, 71 
Properties and composition of, 73 
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Muscle, 83 
Functions of, 74 
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DESCRIPTION OF PLATKS. 



I'LATK I. 



Fig. I. Transverse Section of Bone. 
a. Haversian canal. 

b and c. Lacunae and canaliculi concentrically ar- 
ranged. 
d. Haversian space. 

Fig. 2. Yellow Elastic Tissue. 

Showing fibres possessing a well-defined outline 
anastomosing, and curling up at the ends. 

Fig. 3. White Fibrous Tissue. 

a and b. Lines produced by section of the lamellar 
prolongations of the cells between the bundles 
of fibres. 

Fig. 4. Vertical Section of Bone. 

a. Haversian canal branching. 

b. Lacunae and canaliculi. 



PLATE II. 



Fig. 5. Section of Hyaline Cartilage. 

Fig. 6. Vertical Section of Tooth in situ. 

a. The enamel. 

b. Dentine. 

c. Mucous membrane of the gum. 

d. Crusta petrosa. 
€, Pulp cavity. 

Fig. 7. Vertical Section of Adult Tooth. 

a. The enamel. 

b. Dentine. 

c. Pulp cavity. 
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PLATE III. 



Fig. 3. Dentine. 
b. Dentine tubules. 

Fig. 9. Node of Ranvier. ' 

a. Primitive sheath. ' 

b. White substance of Schwann. 

c. Axis cylinder. 

d. Intersegmental substance of Ranvier. 

Fig. 10. White Nerve Fibre. 
a. Primitive sheath. 
*. White substance of Schwann. 

c. Nucleus. 

d. Protoplasm. 

e. Node of Ranvier (after Ranvier). 

Fig, II. Adipose Tissue. 

a. Fibrous Stroma. 

b. Fat cell. 

Fig. 12. Grey Nerve Fibre. 

Fig. 13. Nerve-cells from Grev Matter 

OF Spinal Cord. w^^ 

a. Multipolar cell ^H 

b. Nucleus. ^H 

c. Nerve-fibre in section. 
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Fig. 14. Ganglion Cell of a Frog, s 
aba. Straight fibre. 
b d. Coiled fibre. 
c. Small fibre passing to it (after Beale). 

Fig. 15. BranchIed Nerve-cell. 

a. Undivided process. 

b. Nucleus (Gerlach). 

Fig. 16. Multipolar Ganglion Cell (aft 
schultze). 

Fig. 17. Communication of Nerve-fibre wr 
Nerve-cells. 
b. Nerve-fibre. 

a a. Its two divisions communicating with the fi 
ramifications of the nerve-cells (after Gerlach) 
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Fig. i8. Transverse Section of Muscle. 

a. Muscle fibre. 

b. Supporting fibrous septa. 

Fig. 19, Transverse Section of Tooth, witi 
Pulp Cavity and Dentine Tubules ra 
diating from it. 

Fig. 20. Unstriated Muscle, with two separati 
Fibre Cells. 
a a. The elongated nucleus. 

Fig. 21. Striated Muscle Fibre. 



J 



n 



PLATE VI. 

Diagrammatic BepresentationB of the Peripheral 
Terminations of Nerves. 







Fig. 22. MoTOBiAL End Plate. ^ 




a. Primitivesheathof the nerve-fibre. ^^^ 




S. White substance. ^^^| 




c. Axis cylinder. ^^^| 




d. Nuclei placed in protoplasmic materi^^^^| 




Fic. 23. Tactile Corpuscle. ^^H 




a. Primitive sheath. ^^^H 




k White substance. ^^H 




c. Axis cylinder ending at the top. 




d. Nuclei transversely arranged. 




e. Areolar capsule. 




Fig. 34. Nerves of Thumb, with Pacinian Bodii 




ATTACHED. 




Fib. 25. End Bulb. 




a. Primitive sheath. ^^ 




6. Wbite substance. ^^H 




c. Axis cylinder ending in coiled loop. ^^^| 




d. Nuclei vertically arranged. ^^^| 




e. Areolar capsule. ^^^| 




Ftc. 26. Pacinian Bodv. ^^H 




a. Primitive sheath. ^H 




i. Its expansion continuous with the lamifflff 




the capsule. 




c. White substance. 




d. Axis cylinder ending at far end of ihe core. 




e. Areolar capsule. ^^^H 




F. Lamellae of inner capsule. ^^^H 




G. Central care. ^^M 
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PLATE VII. 



Fig. 27. Squamous Epithelial Cells, from the 
Mouth. 

Fig. 28. Columnar Epithelium, from Bronchus. 

Fig. 29. A B. Spheroidal Epithelial Cells, from 
A Secreting Gland. 

Fig. 30. Edothelium, from Peritoneum. 

Fig. 31. Ciliated Columnar Epithelial Cells. 
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Fig. 32. Specimen of Blood, with a Single Granu- 
lar Colourless Corpuscle. 

Fig. 33. Blood Corpuscles of various Animals 
(after Gulliver). 
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» EVOLUTION, Old and New: Being a Comparison of tk 
Theories of BuFFON, Dr. Erasmus Darwin, ajid Lamarck, 
with that of Mr. Charles Darwin. With copious Ei- 
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the verisimililude of the received Ukeness of our Men^ 
Lord, Edited by WvKE Bayuss, F.S.A. Illustrated wili 
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POPULAR LECTURES ON SCIENTIFIC SUB, 
JECTS. Eighth Thousand. Crown Svo, cloth, 6j, 

HOOKER, Sir W. J., F.R.S., andj. G. BAKER, F.L.S. 
SYNOPSIS FILICUM; or, A Synopsis of all Known 
Ferns, including the Osmundaces;, SchizaiaceK, Manstiaces^ 
and Ophioglossaceos (chiefly derived from the Kew Het- 
bariumj, accompHQied by Figures representing the essential 
Characters of each Genus. Second Edition, brought up la 
the Present Time. 8vo, cloih. Coloured Plates, £,\ Si 

HOUSE (THE) AND ITS SURROUNDINGS, Tenth 
Thousand. Royal l6mo, cloth, price \s. See Hkaltu 
Primers. 

HOWDEN, PETER, V.S. 
HORSE WARRANTY : A Plain and Comprehensive Guide 
to the various Points to be noted, showing which are essen- 
tial and which are unimportant. With Forms of WamintT. 
Fcap. 8vo, cloth, 3j. td. 

HOW TO ADDRESS TITLED PEOPLE. With Expla- 
nations of over 500 Abbreviations — Academical, Ecclesiastical, 
Legal, Literary, Masonic, Imperial, and Ancient. Royal 
32mo, cloth gilt, \s. 
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KA YE, SIR JOHN WILLIAM. 

LIVES OF INDIAN OPFICERB : IlluBtraliTe of IheHii- 
tory of the Civil and Military Service of India. latSeria: 
CoRNWALLis, Malcolm, Elphinstonk, — ^znd Scries :UM' 
TYN, Metcalfe, Burnbs, Conollt, Pottingkb.— ]ri 
Series : Todd, Lawrence, Neill, Nicholsoit, Hint 
Volumes, crown Svo, cioth, 6j. each. 
KEENE, Rtv. H. C, Smmtimi Ptrsian aitd Ara&ic Pn/aar^ 
the Eail Indian CalUgt, Haileybury, Herts. 
P THE MODEST RAINDROP, and other Fables \st 
b Old and Young:. Translated trom the Persian. A New 

I Edition, edited by Katuerine Kbene, wich Illiist ' 

^ Samuel Fry. Square i6mo, cloth, is. Sd 

' KENT, W. SAVILLE, F.L.S., F.Z.S., F.R.M.S., formcif 
Assistant in the Nat. Hist Deparlmtnl of the British Museum. 
A MANUAL OF THE INFUSORIA. Including a De- 
scription of the Flagellate, Ciliate, and Tentaculiferous Pro- 
tozoa, British and Foreign, and an account of the Otganizatioa 
and Affinities of the Sponges. With numerous IlIustntiDBS> 
Super-royal 8vo, cloth. To be completed in 6 Parts, 
lOi. M. each. Parts I. to V. now ready. 
KINAHAN, G. H. 
HANDY BOOK OF ROCK NAMES. With Brief D^ 
scriptions of the Rocks. Fcap. Svo, cloth, 41. 
LANKESTER, E., M.D., F.R.S., F.L.S. 

OUR FOOD : Lectures delivered at the South 

Mu»eum. Illustrated. New Edition. Crown Svo, doth, 4i> 

THE USES OF ANIMALS in Relation to the Indnst!; 

of Man : Lectures delivered at the South Kensington MnictllD, 

Illustrated. New Edition. Crown Svo, cioth, ^r. 

PRACTICAL PHYSIOLOGY: ASchool Manual ofHeJtl, 

for the use of Classes and General Reading. Illustrated with 

numerous Woodcuts. Sixth Edition. Fcap. 8vo,cloth, zi. 6tlL 

HALF -HOURS WITH THE MICROSCOPE: A 

Popular Guide to the Use of the Instrument. With ajQ 

Illustrations. Sixteenth Thousand, enlarged. Fcap. 814 

doth, plain 21. dd. ; coloured 4J. 

SANITARY INSTRUCTIONS: A Series of Handbm 

for general Distribution: — I. Management of In&iiti| 

2. Scarlet Fever, and the best Means of PrevenCine ili 

3. Typhoid or Drain Fever, and its Prevention ; 4. jfmd 
Pox, and its Freventioo ; 5. Cholera and Diarrhceo, and ill 
Prevention ; 6. Measles, and their Prevention, yni-h , Ii£; 
per doztn, bd, ; per loo, 4J.; per 1,000, 30J. 

3, St. Martin's Place, IV. C. 
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LANKESTER, MRS. 

TALKS ABOUT HEALTH : A Book for Boy? and Girl?. 
Being an Explanation of all the Processes by which Life is 
s.4stained. Illustrated, Small Svo, cloth, u. 
BRITISH FERNS: Their Classification, Arraneement ot 
Genera, Structures, and Functions, Directions for Out-door 
and Indoor CuUivatlon, &c. Illustrated with Coloured 
Figures of all the Species, New and Enlarged Edition, 
Crown Svo, cloth, gilt, 51. 
WILD FLOWERS WORTH NOTICE : A Selection of 
some of our Native Plants which are most attractive lor their 
Beauty, Uses, or Associations. With loS Coloured Figures 
hy J. E. SowERBY, New Edition. Crown Svo, cloth, 51. 

LETTERS FROM A CAT. Published by her Mistress, for 
the Benefit of all Cats and the Amusement of Little Children. 
Illustraled with numerous Woodcuts and a Frontispiece. 
Small 4to, cloth, gift edges, ^s. 

LIVING VOICES: Selections chiefly from Recent Poetry. 
With a Preface by His Grace the Archbishop of Canter- 
Btriiv. Post Svo, cloth extra, 4J. bd. 

LONDON CATALOGUE OF BRITISH PLANTS. 
Published under the direction of the London Bolonical Ex- 
change Club, adapted for marking Desiderata in Exchanges of 
Specimens. Seventh Edition. Bvo, sewed, bd. 

LORD, y. KEAST. 
AT HOME IN THE WILDERNESS: What to Do 
there, and How to do it. A Hamibook (or Travellers and 
Emigrants. With numerous lUuslralions of necessary Baggage, 
Tents, Tools, &c. &c. Second Edition. Crown Bvo, 51. 

UAHMY TITTLEBACK AND HER FAMILY: A 
TrueStoryof Seventeen Cats. Uniform with "Lettersfrom 
B CaL" Illustrated by Aqdie Ledvahd. Sm. 410, cl. gilt, Jj. 

MANGNALL'S HISTORICAL & MISCELLANEOUS 
QUESTIONS. New and improved Edition, carefuUjr Re- 
vised and brought up to the Present Time. Well printed 
and strongly bound i8mo, cloth boards, u. 

MESSER, FREDERICK A. 

A NEW AND EASY METHOD OF STUDYING 
BRITISH WILD FLOWERS BY NATURAL 
ANALYSIS. Being a Complete Series of Illustrations of 
their Natural Orders and Genera, Analytically Arranged. 
Demy Bvo, cloth, lOJ. <id. 

MICHOD, C. J., late Sitrdary of the Landsit AthUtic Club. 
GOOD CONDITION: A Guide to Athletic Training, for 
Amateurs and Professionals. 4th Thousand. Sm. Svo. cloth, u. 

3, St. Martitis Place^ W.Q. 
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MIDLAND NATURALIST (THE) : The Jott 

A£socia.ted Natural History, FMlosophical and Aichnol^ 

Societies and Field Clubs of the Midland Counties. 'EA 

byE, W. Badckb, and W. J. Haskison, F.G.S. Demr 
8vo, lUuBtrated. Monthly, Price Sixpence. Vols. I. to IV. 
now ready, cloth, 7j. td. each ; Vol. V. commenced Jan. iSfb. 

MILNE, ALEXANDER, M.D. 
The PRINCIPLES 4 PRACTICE of MIDWIFERY, 
with some of the Diseases of Women. With n. 
Wood Engravings. Second Edition. Crown Svo, cloth,{i at, 6J. 
MANUAL OP MATERIA MEDICA AND THERA- 
PEUTICS : Embracing all the Medicines of the BritJa 
Pharmacopccia. Fourth Edition, Revised und Colaiged, Iif 
William Cbaig, M.D., &c PostSvo, cloth, 91. 

MILTON, J. L., M.R.C.S. 

THE STREAM OF LIFE ON OUR GLOBE: 
Archives, Traditions, and Laws, as revealed by Modem 
Discoveries in Geology and PalEeortology. A Sketd). \» 
Untechnical Language, of the Beginning and Growth ofLUe, 
and the Physiological Laws which govern its Progreit ud 
Operations. Second Edition. Crown 8vo, cloth, f 

MIVART, ST. GEORGE, F.R.S., V.F^.S. 
MAN AMD APES; An Exposition of Structural Resem- 
blances and Differences, bearing upon Questions of Affit^ 
and Origin. With niunerous Illustrations. CrownSvo, clotIi,£e 

MONKHOVEN, D. VAN, Ph.D. 

PHOTOGRAPHIC OPTICS, including the descripdon « 
Lenses and Enlarging Apparatus. With 200 Woodcuts. C 
Svo, cloth, 71- (id. 

NATURALIST'S LIBRARY (THE). Edited by : 
William Jardine, F.L.S., F.R.S. Containing n^--^- 

Portraits and Memoirs of Eminent Natnralists. Ill ^ 

vith 1,300 Coloured Plates. Forty-two Volumes, fcap.ft 
cloth, gilt tops, £^ 91. ; or separately, 4J. bd. each. ' 

THE LIBRARY compTTses.— BIRDS, 15 VoIb. 
Birds, 4 Vols. ; Sun Birds ; Humming Birds, 3 Vols. ; 
Birds; Pigeons; Parrots; Birds of Western Africa, 2 
Fly-Cateliers ; Pheasants and Peacocks, &e. ANIMAi 
14 Vols. Introduction : Lions and Tigeis ; British Q 
peds : Dogs, 2 Vols. ; Horses; Ruminatine Animals, 3 
Elephants; Marsupialia ; SblIs ^nd Whales; " 
Man. INSECTS, 7 Vols. Introduction to E: 
British Butterflies and Moths, 2 Vols.; Foreign Batteii 
and Moths, 2 Vols. ; Beetles; Bees. PISHES, S Vrt 
Introduction and FotHgn Fishes j British Fishes, 3 V ' 
Perch Family ; Fishes of Guiana, 2 Vols. 
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If Ays, yOHANN. 

THE COLLECTOR'S HANDY-BOOK of Alga, 
DiatomB, Desmids. Fungi, Lichens, Mosses, &c. 'With 
Instructions for their Prepanilion and for the Formation of an 
Herbarium. Translated and Edited by Rev. W. W. Sficer, 
U.A. Illustrated with 114 Woodcuts. Fcap. 8vo, cloth, 21. 6^, 
\Meui Edition in PrcfiaraHen. 
NEWMAN, EDWARD, F.Z.S. 

BRITISH BUTTERFLIES AND MOTHS: An 11- 
lustrated Natural History of. Cootaining Life-size Figures 
from Nature of each Species, and of the more stiiking 
Varieties ; also full descriptions of both the Perfect Insect 
and the Caterpillar, together with Dates of Appearance and 
Localities where found. With over Soa Illustrations. Super- 
royal Svo, cloth gilt, 25J-. 
ThtabavcWarkmayaUo behad in Two Voluma, sold srparaltly. 
Vol. I., Bultirfiia, 7J. &/. ,- Vat. II., Melks, las. 
NEWMAN, Cardinal. 

MISCELLANIES from the OXFORD SERMONS of 
JOHN HENRY NEWMAN, D-D. Third Thousand. 
Crown Svo, cloth, 6j. 
NEWTON, JOSEPH, F.R.H.S. 

THE LANDSCAPE GARDENER: A Practical Guide to 

the Laying-Out, Planting, and Arrangement of Villa Gardens, 

Town Squares, and Open Spaces, from a Quarter of an Acre 

to Four Acres. For use of Practical Gardeners, Amateurs, 

Architects, and Builders, With24Plans, Fcap. folio, cL, lar. 

NORTHERN MICROSCOPI3T (THE): An Illustrated 

Journal of Practical Microscopy, with the Proceedings of the 

principal Provincial Northern Societies. Edited by GSOKGE 

E. Davis, F.R.M.S. Monthly, price 6</. 

NOTES ON COLLECTING AND PRESERVING 

NATURAL HISTORY OBJECTS. Edited by J. E. 

TiVLOK, F.L.S., F.G.S., Editor of " Science Gossip." With 

numerous Illustrations. Crown Svo, cloth, 31. dd. 

<:i.«(<T.II— Geolagical Spedmtns, BonM, Birds' Egg», Butterflies, Beetles, 

Hymeuapien, Fic^water Shells, FioweriDE Flaols, Trees uid Shrubs, 

Mosses, Fungi, Licheos. Seaweeds, 

OUR ACTORS AND ACTRESSES. Sie Dramatic List. 

PARKER, ROBERT WILLIAM, Assistant-Surgeon le thi East 
London Hospital Jor Children. 
TRACHEOTOMY IN LARYNGEAL DIPHTHERIA 
(Membranous Croup) 1 With Special Reference to After- 
treatment. To which are added a few General Remarks on 
Diphtheria and its earlier Treatment, Demy Svo, cloth, &f. 
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PARKIM, JOHN, F.R.C.P., F.R.C.S. 

GOUT ; Its Causes, Nature, and Treatment. With 

Directions for the regulation of tbe Diet, Second Editiftn. 

Demy 8vo, cloth, £'• 

THE ANTIDOTAL TREATMENT OF DISEASE. 

Pari I. Demy Svo, cloth, -Js. 6J. 
EPIDEMIOLOGY; or, The Remote Cause of Epiden 
Diseases in the Animal and in the Vegetable Creation. With 
the cause of Hurricanes, and Abnonnid Atmospherical Vicissi- 
tudes. Part II. Demy " 
FASCOE, CHARLES E. 

SCHOOLS FOR GIRLS AND COLLEGES FOR 
WOMEN : A Handbook of Female Education, chiefly for 
the Use ofPersonsofthe Upper Middle Class. Witha Chapter 
on the Higher Employment of Women. Crown Svo, cloth, p- 
THE PRINCIPAL PROFESSIONS: A Practical Hand- 
book to. Compiled from Authentic Sources, and basedon 
the most recent R^ulations for Admission to the Navy, Amy, 
and Civil Secvice3(Home and Indian), the Li^ and Medicai 
Professions, the Professions of a Civil Engineer, Architect, and 
Artist, and the Mercantile Marine, New Edition. Crown 
Svo, doth, 31. bd. 
PATTERSON, ROBERT LLOYD, Vuc-Pi-isidtnt ef the 
Belfast Natural History Society, tSfc. 
THE BIRDS, FISHES, AND CETACEA commonly 
frequenting Belfast Lough. With a Map of Belfaii 
Lough, and Table of Fish caught. Demy Svo, cloth, loj. 6i 
PERSONAL APPEARANCES IN HEALTH AND 
DISEASE. Fifth Thousand. Royal l6mo, cloth, lUus- 
trated, price is. Sec Hkalth Pkimbrs. 



PERSONAL PIETY: A Help to Christians to Walk worthy 
of their Calling. Twenty-second Thousand. 24mo, clotb,i.F.w. 

FHJN, y., Editor of American Journal of Microscopy. 

HOW TO USE THE MICROSCOPE. Practical Hints 
on the Selection and Use of the Microscope, intended for 
Beginners. Second Edition. Crown Svo, cloth, 3r. td. 

POMONA, THE HEREFORDSHIRE : Conlaining 0>- 
loured Figures and Descriptions of all the most esteemed' 

■ kinds of Apples and Pears of Great Britain. Edited \if 

■ Robert Hogg, LL.D., F.L.S. To be completed in Si» 
P Parts, 4I0. Part I. Illustraled with 2z Coloured Figuitd 

Woodcuts, price 15J. Part II. lUustiaCed 

3, St. Martin's Place, W.C. 
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with 41 Coloured Figures and numerous Woodcuts, price 
Part III. Illustraled. with 34 Coloured Figures, and numt 
Woodcuts, price 21s. Pari IV. Illustrated with 60 Coloured 
Figures, and numerous Woodcuts, price 3.U. 
PREMATURE DEATH: Its Promotion or Prevention. 
Fifth Thousand. Royal i6mo, cloth, price is. Sec Health 

pRtMEBS. 

PROCTOR, RICHARD A., B.A.. F.R.A.S. 

HALP.HOURS WITH THE STARS: APlainandEaaj 
Guide to the knowledge of the Constellations ; showing, in 13 
Maps, the position of the principal Star-groups, night after 
night throughout the Year, with Introduction and a sepaiaU 
Explanation of each Map. Tenth Thousand. Demy4to,bds.,5i. 
HALF-HOURS with the TELESCOPE : A Popular Guide 
to the Use of the Telescope as a means of Amusement and In- 
struction. Seventh Edit, Illustrated, Fcap. Svo, cloth, is. dd. 
QUEKETT MICROSCOPICAL CLUB (Journal of the). 
Demy 8vo, Illustrated. Parts 1 to 44 (VoL VI., Part 3) are 
published, is. each. 
RALFE, CHARLES H., M.A., M.D. Canlab. ^ F.R.C.P.LenJ. ; 
laltTeachtrof PkysialogUal ChfmistTy,St.Gciirg^iHosfilal,l^c. 
DEMONSTRATIONS IN PHYSIOLOGICAL AND 
PATHOLOGICAL CHEMISTRY. Arranged to 
meet the requirements for the Practical Examination in 
these subjects at the Royai College of Physicians and College 
of Surgeons. Fcap. Svo, cloth, 51. 
READS, T. MELLARD, C.E., F.G.S., F.R.I.B.A., &=<:. 
CHEMICAL DENUDATION IN RELATION TO 
GEOLOGICAL TIME, Demy Svo, cloth, is. 6d. 
RIBEAUCOURT, C. DE. 

A MANUAL OP RATIONAL BEE-KEEPING. 
Translated from the French by ARTHUR F. G. Leveson- 
GowER. Fcap. Svo, cloth, Illustrated, u. bd, 
RIDLEY, MARIAN S. 

A POCKET GUIDE TO BRITISH FERNS, Faap. 
8vo, cloth, 2J. W. 
RIMMER, R., F.L.S. 

THE LAND AND FRESH WATER SHELLS OF 
THE BRITISH ISLES. Illustraled with 8 Photo- 
graphs and 3 Lithographs, containing hgures of all the ptln' 
cipal Species. Crown Svo, doth, loi. (id. 

3, St. Martin's Place, W.C. 
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KOBERTS, CHARLES, F.R.C.S. 
THE DETECTION of COLOUR-BLINDNESS AND 
IMPERFECT EYESIGHT, by the Methods of Dr. 
Snellen, Dr. Daae. and Prof. Holmgren. With a Table 
of Coloured Berlin Wools, and Sheet of Test-Types. Demy 
8vo, cloth, Sj. 

ROBSON, JOHN E. 

BOTANICAL LABELS for Labelling Herbaria, adapted lo 

the names In ihe London Catalogue of Plants and the Manuals 

of Prof. Babinoton and Dr. Hooker, with Eittra Labels for 

all New Species. 3,576 Labels, with Index. Demy Svo, 51. 

RODD, RENNELL. 
SONGS IN THE SOUTH. Imp. l6mo, parchment, 31. f>d. 

SCHAIBLE, CHARLES H., M.D., Ph.D. 

FIRST HELP IN ACCIDENTS: Eeing a SmpaJ 
Guide in the absence, or before the airival, of Memcal 
Assistance. Fully Illustrated, jamo, cloth, \s. 

SCHLEIDEN, % M., M.D. 
THE PRINCIPLES OF SCIENTIFIC BOTANY; or, 
Botany as an Inductive Science. Translated by Dr. LAN- 
KESTER. Numerous Woodcuts and Six Steel Plates, Demjr 
8vo, cloth, Itt!. Hd. 

SCHMIDT, ADOLPH, assiHed by CRUNDLER, GRVNOWt 
JANECH, &^. 
ATLAS OF THE DIATOMACE^. This maeoificent work 
consists of Photographic Reproductions of the various fonns of 
Diatomaceie, on Folio Plates, with description (in GetmsD). 
Price ill. per Part. Eighteen Parts are now ready. 

SCIENCE GOSSIP. A Medium of Interchange and Gossip 
for Students and Lovers of Nature. EditedbyJ. E. Tavlob, 
F.L.S., F.G.S., &C. Published Monthly, with nniw 
llluslrations. Price Fourpence, or by post Fivepence. 
Volumes are now published. Price, Vols. 1. to XV., 71, m, 
■ each ; Vol. XVI., 51. Sec also page -^i. 

SCOTT, CLEMENT. 

LAYS OF A LONDONER. Crown 8vo, cloth, 5/. 

SHAKSPERE QUARTO FACSIMILES. Phoio-litho- 
paphed by W. Griggs, under the superintendence of E, J. 
FuRNiVALL, M,A. Canib. No. 1, Hamlet, 1603. No. s, 
Hamlet, 1604. No. 3, Midsummer Night's Dream, F^ist 
Quarto, 1600. No. 4, Midsummer Night's Dream, Second 
Quarto, 1600. No. 5, Love's Labour's Lost, 1598. Price to 
Subscribers for the whole Series (35), 71. td. each ; to Non- 
subscribers, lOr. td. each. 
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SHOOLBRED, J. N,, Memb. Inst, C.E, 

ELECTRIC LIGHTING, and its Practical Application. 
With Results from existing Examples. Numerous lUustra- 
tions, crovm Svo, cloth, 5^. 

SHOOTING ON THE WING : Plain Directions for ac- 
quiring the art of Shooting on the Wing. With useful Hints 
concerning all that relates to Guns and Shooting, and particu- 
larly in regard to the art of Loading so as to Kill. By an 
Old Gamekeeper. Crown 8vo, cloth, 3J. 6d, 

. SIMMONDS, P. L. , Editor of the Journal of Applied Science. 
WASTE PRODUCTS AND UNDEVELOPED SUB- 
STANCES : A Synopsis of Progress made in their Economic 
Utilization during the last Quarter of a Century, at Home and 
Abroad. Third Edition. Crown 8vo, cloth, 9J. 

SCIENCE AND COMMERCE : Their Influence on our 
Manufactures. Fcap. 8vo, cloth, dr. 

SKIN (THE) AND ITS TROUBLES. Fifth Thousand. 
Royal i6mo, cloth, Illustrated, price \s. See Health 
Primers. 

SMITH, J,y A.L.S.y IcUe Curator of the Royal Gardens, Kew, 

FERNS, BRITISH AND FOREIGN: The History, 
Organography, Classification, and Examination of the Species 
of Garden Ferns, with a Treatise on their Cultivation, and 
Directions showing which are the best adapted for the Hot- 
house, Greenhouse, Open Air Fernery, or Wardian Case. With 
an Index of Genera, Species, and Synonyms. Fourth Edition, 
revised and greatly enlarged, with New Figures, &c. Crown 
8vo, cloth, Is, 6d. 

BIBLE PLANTS : Their History. With a Review of the 
Opinions of Various Writers regarding their Identification. 
Illustrated with 10 Lithographic Plates by W. H. Fitch, 
F.L.S. Crown 8vo, cloth, 5 J. 

SMITH, WORTHINGTOM, F.L,S, 

MUSHROOMS AND TOADSTOOLS: How to Distin- 
guish easily the Difference between Edible and Poisonous 
Fungi. Two large Sheets, containing Figures of 29 Edible 
and 31 Poisonous Species, drawn the natural size, and 
Coloured from Living Specimens. With descriptive letter- 
press, 6s. ; on canvas, in cloth case for pocket, 10s, 6d, ; on 
canvas, on rollers and varnished, lor. 6d. The letterpress may 
be had separately, with key-plates of figures, is. 
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SOWERBY, J. 

ENGLISH BOTANY. Containing a Descriplion «nd Life- 
size Draffing of every Biitish Plant. Edited and broughl up 
lo Ihe Present Standard of Scientific Knowledge, by T, 
BoswKLL Syme, LL.D., F.L.S., &c. With Popular De- 
scriptions of the Uses, History, and Traditions of each Plant, 
by Mrs. LankesTeR. Complete in ii Volumes, doth, 
/22 8i.; half morocco, ^84 \2i.\ wholemorocco, ^a8 Jj. 6rf. 

SPRAGUE, ISAAC, and GEORGE L. GOODALE, M.D., 
Frofesssr of Botany at Harvard University. 
THE WILD FLOWERS OF AMERICA. lUustraled 
with beautifully Coloured Plates from original Wsier- 
Colour Paintings by Isaac SFSAGtie, Demy 410, Pbtu 
I to 8 now ready, price 51. each. 

STANLEY, ARTHUR P.. D.D., Dian c/ iVnlmimter. 

SCRIPTURE PORTRAITS, and other Miscellanies. 
Crown 8vo, cloth, Bj, 

STEINMETZ, A. 

THE SMOKER'S GUIDE, PHILOSOPHER, AND 
FRIEND: What to Smolte— What to Smoke with— and 
the whole "What's What" of Tobacco, Historical, Bota- 
nical, Manufectural, Anecdotal, Social, Medical, &c. Tenth 
Thousatjd. Royal 3lmo, cloth, ti. 

SUNDAY EVENING BOOK (THE); Short Papers for 
FamUy Reading. By J. HAMILTON, D.D., Dean STANLEY. 
J. Eadie, D,D., Rev. W. M. Punshon, ReT, T. Binnky. 
J. R. Macduff, D.D. Fourteenth Thousand. a4mo, cloth 

SYMONDS, Rai. W. S., Rector of Psndoch. 

OLD BONES; or. Notes for Young Naturalists. With 

References to the Typical Specimens in the British Museum. 

Second Edition, much improved and enlarged. Numerous 

Illustrations. Fcap. Svo, cloth, ai. dd. 
TAYLOR, y. E.. F.L.S., F.G.S., EdUor of " ScUnce Goiiip." 
NATURE'S BYE-PATHS: A Series of Recreative Papers 

in Natural History, Crown 8vo, cloth, 7J. bd. 
FLOWERS : Their Origin, Shapes, Perfumes, and Colours. 

Illustrated with 32 Coloured Figures by Sowerhy, and 161 

Woodcuts. Second Edition. Crown Svo, cloth gill, ^l. 6d. 
HALF-HOURS IN THE GREEN LANES: A Book 

for a Country SlroU, Illustrated with 300 Woodcuts. Fifth 

Edition. Crown Svo, cloth, 4^. 

3, St. Martin's Plaa, W.C. 
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TAYLOR. J. E., contin^d. 

MA.LP.HOURS AT THE SEA-SIDE; or, Recrtalions 
wilh Marine Objects. Illuslraled with 350 Woodcuts. Foaith 
Edition. Ctowa Svo, cloth, 4*. 

aEOLOGICAL STORIES: A Series of Autobiographies in 
Chronological Order, Numerous liluslralions, Fourth Edition. 
Crown gvo, doth, 4^. 

THE AQUARIUM : lis Inhabitants, Structure, and Manage- 
ment. With 138 Woodcuts. Second Edition, crown 8vo, 
cloth extra, 6r. 

A^o/jo Notes on Collecting and Preserving Natdhal 
History Objects, /ajf ig. 
TIME'S FOOTPRINTS : A Birthday Book of Bitter-Sweet. 

l6mo, cloth gill, 21. fid. 
TREASURY OF CHOICE QUOTATIONS: Selections 
from more than 300 Eminent Authors, Wilh a complete 
Inden. Crown S»o, cloth extra, 31. (>d. 
TRIMEN,H.,M.B. ( Lend. ),F.L.S.,a«d DYER, W. T.,B.A. 

THE FLORA OF MIDDLESEX; A Topographical and 
Historical Account of the Plants found in the County. With 
Sketches of its I'hysical Geography and Climate, and of the 
Progress of Middlesex Botany during the last Three Centu- 
ries. With a Map of Botanical Districts. Crown Svo, its. W. 
TROTTER, M. E. 

A METHOD OF TEACHING PLAIN NEEDLE- 
WORK IN SCHOOLS. lUustraled with Diagtims and 
Samplers, New Edition, revised and arranged according to 
Standards. Demy Svo, cloth, 2s. 6d. 
TVRJVER, St., and W. HARRIS. 

A GUIDE to the INSTITUTIONS and CHARITIES 
for the BLIND in the United Kingdom. Together with 
Lilts of Books and Appliances for their Use, a Catalogue of 
Books pnbtished upon the subject of the Blind, and a Ust 
of Foreign Institutions, &c. Demy Svo, doth, y. 
TWINING, THOMAS, F.S.A, 

SCIENCE MADE EASY. A Connected and Progressive 
Course of Ten Familiar Lectures. Six Parts, 4to, price is, 
each. Cantmli: — Part L Introduction, explaining the purpose 
of the present Course, and its use in Schools, or for Home 
Study.— Part IL Lecture i. The First Elements of Mechani- 
cal Physics. Lecture ii. Mechanical Physics (conlittued). — 
Part III. Lecture iil. Mechanical Physics (concluded). 
Lecture iv. Chemical Physics. — Part IV. Lecture v. 

3, SI. Marliies Piate, W.Q. 
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Inorganic Chemistry. Lecture vi. Organic Chemistry. — P»rt 
V. Lecture vii. Outlines of the Mineral and Vegetable King- 
doms. Lecture viii. Outlines of the Animal Kingdom. — 
Part VI. Lecture ix. Human Phyi>iology, with Outlines of 
Anatomy. Lecture x. Huinan Physiology {coneludtd). 
A Series of Diagrams illustrating the above is also published, 
a list of which may be had on application. The price of a Com- 
plete Set of Diagrajns is ;^3 ; the cost of the separate sheets V3 * 
from dd. to 4/. 

" For tlieir petsjiiquity. cheapness and mtfulncss. we heartily commend ihii 

inrormalion, (ree Ironi higli-ciiiss ariraiific f\imra\'^3.''—'J(iHrmalefA^fiiUci 

UP THE RIVER from WESTMINSTER to WINDSOR: 

A Panorama in Fen and Ink. lUu.'itrated with Si Engisrings 
and a Map of the Thames. Demy 8vo, Li. (3d. 

VICTORIA INSTITUTE, or Philosophical Society of Great 
Hritain : Journal of the Transactions of. Edited by the Hon. 
Secretary, Captain F. W. H. Petbie, F.R.S.L., F.G.S., &o. 
Demy 8vo. VoL XII. Part i. 7j-. bd. Part ii. 31. &i. Vob. 
L to XL, cloth, gilt lops, price ^i ij. each. Most of ' 
the more important articles are published also in pataphlet 
form. A list of these may be had on application. 

WAGNER'S LOHENGRIN, Musically and Fictorially IUds. 
trated. The Legend and the Poem written end transUled by 
John P. Jackson, With the Musical Gems of the Opera 
for Voice and Piano, arranged by FRANCES Manettb Jack- 
SON. Royal 410, sewed, 2j. bd. 

WAIVE, S. C. 
GRACEFUL RIDING: A Pocliel Manual for Equestrians. 
lUustr^ed. Fcap. Svo, cloth, is. bd. 

WALE, Tht Kev. H- J., M.A, Late LUutmanl ijli KiKg'l 
Husiars and Scots Gi-eyi- 
SWORD AND SURPLICE; or. Thirty Years' Remin- 
iscences of the Aimy and the Church. An Aulobii^raphy. 
■With a Frontispiece. Demy Svo, cloth, 151. 

WALFORO, E., M.A.,LaU Scholar of Baltial Colltge, Oxftrd. 
PLEASANT DAYS IN PLEASANT PLACES. 
CoHlmts: Doraeyand Bumham— Shanklin — Hadleigh — SL 
David's— Winchil sea— Sandwich— St. Osyth's Priory— Ridi- 
borough Castle^ Great Yarrooulh — Old MoretoD Hall — 
Cumnoi — Ighthani — Shoreham and Biamber— Beaulieu — 
Kenilwotth— Tatlershall Tower— Tower of Essex. Second 
Edition. With numeroui Woodcuts. Cr. Svo, cloih extra, s». 



3, SI. MarliH's Plact, W.C. 
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WALFORDy E., continued. 

HOLIDAYS IN HOME COUNTIES. Contents: The 
Birthplace of Nelson — Chiswick — Selbourae — Brambletye 
House — Cheneys — Dover — Wolsey at Esher — Stoke Pogis — 
Leeds Castle — Thames Head — St. Albans and Gorhambury 
— Chertsey — Harold's Tomb — Rochester — Ely — Halnaker 
and Boxgrove. Illustrated with numerous Woodcuts. Crown 
8vo, cloth extra, 5^. 

THE SHILLING PEERAGE. Containing an Alphabetical 
List of the House of Lords, Dates of Creation, Lists of 
Scotch and Irish Peers, Addresses, &c. 32mo, cloth, u. 
Published annually. 

THE SHILLING BARONETAGE. Containing an Alpha- 
betical List of the Baronets of the United Kingdom, Short 
Biographical Notices, Dates of Creation, Addresses, &c. 
32mo, cloth, I J. Published annually. 

THE SHILLING KNIGHTAGE. Containing an Alpha- 
betical List of the Knights of the United Kingdom, Short 
Biographical Notices, Dates of Creation, Addresses, &c. 
32mo, cloth, 15. Published annually. 

THE SHILLING HOUSE OF COMMONS. Containing 
a List of all the Members of the British Parliament, their Town 
and Country Addresses, &c 32mo, cl., u. Published annually. 

THE COMPLETE PEERAGE, BARONETAGE, 
KNIGHTAGE, AND HOUSE OF COMMONS. In 
One Volume, royal 32mo, cloth extra, gilt edges, 5j. Pub- 
lished annually. 

WHITMAN, WALT, 
LEAVES OF GRASS. Author's Copyright Edition. Crown 
8vo, cloth, 9J. 

WILBERFORCE, SAMUEL, D.D., Bishop of Winchester. 

HEROES OF HEBREW HISTORY. New Edition. 
Crown 8vo, cloth, 5^. 

WILDE, OSCAR. 
POEMS. Third Edition, Crown 8vo. Printed on Dutch 
hand-made paper and bound in parchment, los. 6d, 

WILSON'S AMERICAN ORNITHOLOGY; or, Natural 
History of the Birds of the United States ; with the Continua- 
tion by Prince Charles Lucien Bonaparte. New and 
Enlarged Edition, completed by the insertion of above One 
Hundred Birds omitted in the original Work, and by valuable 
Notes and Life of the Author by Sir William Jardine. 
Three Vols. Large Paper, demy 4to, with Portrait of Wilson, 
and 103 Plates, exhibiting nearly 400 figures, carefully Co- 
loured by Hand, half-Roxburghe, £6 6s. 



3, St. Martin's Place^ W,Q. 
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iVOOD, TAi Rev. J. G,, M.A., F.L.S., ij^c. 
MAN AND BEAST, HBRB AND HERBAFTGR. 
Illuslrated by more than 300 original Anecdotes. Fourth 
Edition. Post 8vo, cloth, bi. &l. 
WORDSWORTH'S POEMS FOR THE YOUNG. With 
50 Illustrations by JOHN MaCWHIKTEK stid JOHN Pettie, 
and a Vignette by J. E, MillaIs, R.A. Demy i6ino. 
cloth gilt, u. id. 
WYNTER, ANDREW, M.D., M.R.C.P. 
SUBTLE BRAINS AND LISSOM FINGERS : Being 
Kome of the Chisel Marks of our Industrial and Scientific 
Progress. Third Edition, revised and corrected by AkdreW 
Steinmetz. Fcsp. 8vo, cloth, y. bd. 
CURIOSITIES OF CIVILIZATION. Being Esswsie 
printed from the Quarlerly and Edinliutgh Reuiaia. Crowi 
8vo, cloth, 6j. 
ZERFFI, C. G., Ph.D.. F.R.S.L. 

MANUAL of the HISTORICAL DEVELOPMENT 
OF ART— Prehistoric, Ancient, Hebrew, Classic, Early 



* 



With speci J reference to Architecture, Sculpture, 
Painting, and Omamentalion. Crown Svo, clolh, 6s. 
SPIRITUALISM AND ANIMAL MAGNETISM: 
Treatise on Spiritual Manifestations, &c. Sec, in which it 
shown that these can, by careful study, be traced to Natural 
Causes. Third Edition. Crown Svo, sr 



Demy Svo, cloth, Js. 6d. 

PRACTICAL MICROSCOPY. 

GEORGE E. DAVIS, F.R.M.S., F.C.S., F.I.C., &c. 

'. Srctios Cuttiho. 

. THaDBUNHATIOSOfOBJlCTa 



ITl. Eve-pieces akd OajEcrrvKi. 

IV. ACCKSSORIES. 

V, Gekehal Reiia Hits— Test Ob- 
VI. The Cdi^lection op Objects. 



X. TuE 

"^""'"Vs'oiSom 



ffilh 257 Woodcuts and a Coloured Frontispiece. 



London ; David Bocuk, 3, St, Martin's Place, W.C. 
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Demy i6mo, cloth, Price One Shilling. 

HEALTH PRIMERS. 

EDITORS: 

I. Langdon Down, M.D., F.R.C.P., Henry Power, M.B., F.R.C.S., 

J. Mortimer Granville, M.D., John Tweedy, F.R.C.S. 



Under this title is being issued a Series of Shilling Primers on 
subjects connected with the Preservation of Health, written and edited by 
eminent medical authorities. 

The list of Contributors includes the following names : — 

W. H. Allchin, M.B., F.R.C.P., F.R.S.E., G.W. Balfour, M.D.. 
F.R.C.P.E., J. Crichton Browne, M.D., LL.D., F.R.S.E,, Sidney 
Coupland, M.D., M.R.C.P., John Curnow, M.D., F.R.C.P., J. 
Langdon Down, M.D., F.R.C.P., Robert Farquharson, M.D. 
Edin., M.R.C.P., Tilbury Fox, M.D., F.R.C.P., J. Mortimer 
Granville, M.D., F.G.S., F.S.S., W. S. Greenfield, M.D., 
F.R.C.P., C. W. Heaton, F.C.S., Harry Leach, M.R.C.P., G. V. 
Poore, M.D.. F.R.C.P., Henry Power, M.B., F.R.C.S., W. L. 
PURVES, M.D., F.R.C.S., J. Netten Radcliffe, Ex.-Pres. Epidl. 
Soa, &c., C. H. Ralfe, M.A., M.D., F.R.C.P.,S. Ringer. M.D.. 
F.R.C.P., John Tweedy, F.R.C.S., John Williams, M.D., F.R.C.P. 

The following Volumes are now ready : — 
Premature Death : Its Promotion or Prevention. 
Alcohol : Its Use and Abuse. 
Exercise and Training. 
The House and its Surroundings. 
Personal Appearances in Health and Disease. 
Baths and Bathing. 
The Skin and its Troubles. 
The Heart and its Function. 

To be followed by — 



The Nerves. 

The Ear and Hearing. 

The Head. 

Clothing and Dress. 

Water. 

Fatigue and Pain. 

The Eye and Vision. 



The Throat and Voice. 
Temperature in Health and 

Disease. 
Health of Travellers. 
Health in Schools. 
Breath Organs. 
Foods and Feeding. 



London : DAVID BOGUE, 3, St. Martin's Place, W.C. 
3, St. Martin's Place^ W.C. 
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BOGUE'S HALF-HOUR VOLUMES. 



THE MICROSCOPE : A Popular Guide to the Use of the 

Insmimcnt. Kv £. Lankesteb. M.D., F.R.S. Wlh g;i> tSuitnitiaiH. 
Sixlcenth Thousand. Fgap. Evo, clnlh plain, 31. W. ; colouHti,.4J. 

THE TELESCOPE ; A Popular Guide lo its Use ai i 



ENGLISH ANTIQUITIES. By Llewellynw Jewitt, 

P.S.A. COH/Mto;— Barrows, Stone Arches, Cnndlcchs — Implemenli of 
Flint and Slone— Celts and Dlhcr [nalninienu or BrDiui— Roman Kiud% 
"^ — s, Bit — TesMlatEd PaiemeniB, Temples, Altars — Ancient Pottery— 
■ - '• ■ Chnrch Bol&- 



I, St Wlh 



rmour—Sepuli^hnl Slabs and Hra^cs-Coios— Chi 
«,«--,>— oui.ued Gls«-Tlla— Tipeilry-" ' ^ 

ENGLISH FOLK-LORE. By lie Rev. T. F. Thiselton 
DvKR. Cb/w/j.- — Trees — PlamB—FlowHs — The Moon — Bin]*— 
Animals—lnsects—RepCiles-Charou—Blnh—Baptitm—MarriaEe- Death 
-Day? of Ihe Week— The Months and their Weather Lote -Bella— Miaed- 
laneous FollE-LorE. Second Edition- Crown Bvo. dolh, gr. 

PLEASANT DAYS IN PLEASANT PLACES. By 

EnWABD Walivvd, M.A., Isle Scholar o\ Balliol College. Oiford. Bdilor 
of "County Fanilirs," Sic. Cin.»«j ;— Doiney and Bumham— ShanUin 
-Hadlfish-Sl. David's-Winchilsea-Sandwich-Sl. Osyths Priory-- 
Richborough Castle— Great Vamiouth- Old Moreton Hall- Cummir— 
Ighlham— Shoreham and Bramber— Beaulieu— Kenilworih — Taltershlll 
Towel— Tcwei of Esiex. lllustialed with numerDus Woodcuts. Second 
Edition. Crewn Svo, cloth eitra, jt. 
HOLIDAYS IN HOME COUNTIES. By Edwabd 
— 0, M,A. Cm( ■ ■ — ■ . ^. .. . ... ■ 



Summer Day at ChJswidt— A Day at SelboiM— Bramble!^ Hi)u»--A 
Pilgriniage to Cheneys— A Summer Day about Dover— Foolprinta rf 
Wolsey St Esher- ADay at Stoke Pogi?— AVisit lo Leeds Outle--A 

Rambfe in Search ofThamea Hr-" ''■ *"- -■ '--■—'-— ■- 

Autumn Day at Chertsey — ADay 
—A Summer Day at Ely-Halnak. 



Kambie in Search of Thames Head— St Albans and Gorhambury— Ai 
ilumn Dayat Chemey— A Day at Harold's Tomb— A Day at Rodieue 






London : DAVID BOGUE, 3, St. Martin's Place, W.C. 
3, St. Martin's Place, W.C. 
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Monthly, price ^. ; Annual Subscriplion, ^s, (incluiling Postage). 

HARDWICKE'S 

■SCIENCE GOSSIP: 






An Illustrated Medium of Interchange and Gossip 
for Students and Lovers of Nature. 



Edited by J. E. TAYLOR, Ph.D., F.L.S., F.G.S., &c. 

Numerous Illustrations. 
Vol, XVIIl. commenced January, 1882. 



Among iht suhJKis included in its pages •mill bi fmatd: 
Aquaria, Bees, Beetles, Birds, Bi ttehplies, Febns, Fish, 
Flies, Fossils, Fungi, GiiOi.uGV, Lichens, Micro- 
scopes, Mosses, Moths, Repi»ii.es, Seawebus, 
Spiders, Wild Fldwkks, Worms, 
Bic, &c. 




London: DAVID BOGUE, 3, St. Martin's Place, W.C, 
3, St. Martin's Place, W.C. 
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AUNT JUDY'S MAGAZ 

Edited by H. K. F. GATTY. 

L 5^igh-fiIIasE jTBagasinc for ^onng \ 




lUNT JUDV'S MAGAZINE, eslabhshed 5ftea 
under Ihe Edilorship of Ihe late Mrs. Alfbj 
AQlhor of "Aunt Judy's Talcs," '"Parablafr . 
&c., is now continued by her Dnughler, H. X. f 



lUNT JUDY'S MAGAZINE is specially i 
Chiliiren of the higher and educated classes of S 
supplies Stories and Papers of inleresl to readen d 
10 twenty years of age. 

I UNT JUDY'S MAGAZINE contains Chapters of al 
Story— Complete Tales— Papers on Curiosilic! ' 
Natural History, fic^Plant Rearing— Travels, 
&c., &c— Songs with Music- A Chrislmas Play— 

n Questions, for which Priies are awarded, &:c. 

ctusis and Sfccimen Numbirs may bt had ox a, 

krew Serlea oommeiioed. with tbe No. for Novembw^fi 
■London : DAVID BOGUE, 3, St. Martin's Place, WJjIV 



£551 
K36 



Kenny, Alexander S* 
The tissues and their 



structu3 Pe^ 



NAME 



DATE DUE 



.*- 



.V- 



•¥• 



f ■ '^ 







